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June 1969 



Dr. Leland J. Haworth 
Director 

National Science Foundation 
18000 Street, N.W. 

Washington, D.C. 20550 

Dear Dr. Haworth: 

The Committee on Scientific and Technical Communication 
(satcom) was established in February of 1966 by the National Academy 
of Sciences and the National Academy of Engineering to investigate the 
present status and future requirements of the scientific and engineering 
communities with respect to the flow and transfer of information. The 
Committee was established In response to the National Science Founda- 
tion’s request of October 20, 1965. 

Fulfilling the assigned tasks of broadly surveying the complex interre- 
lationship of federal and privately operated information activities and 
of considering the most effective intellectual, economic, and technologi- 
cal mem of increasing the efficiency of information transfer and use 
has required the full three years allotted the Committee. 

Because of the extreme diversity and complexity of U.S. scientific- 
and-technical-lnformition systems and services, this Committee's recom- 
mendations are many and far-reaching. They reflect the Committee's 
firm conviction that generators and users of scientific and technical 
information must assume increasing responsibility for the more effective 
transfer of such Information— a responsibility which entails: (a) fos- 
tering the availability of the products of the basic access services and 
their reprocessing and consolidation to serve specialized areas of need; 
and (b) strengthening our present decentralized system of operation 
through more-effective coordinating mechanisms, thereby ensuring con- 
tinued flexibility and increased responsiveness to user requirements as 
well as preserving t’i*c independence of the private for-profit and not-for- 
profit organizations. 

A majot recommendation Is the establishment of a Joint Commission 
on Scientific arvJ Technical Communication, responsible to the Councils 
of the two Academies. The Commission would provide guidance useful 
to public and private organizations in the development of more-effective 



scientific-and-technical-information programs. It also would lead private 
organizations in the coordination of their interests and programs and 
would foster their interaction with appropriate federal agencies involved 
in the evolution of plans and policies affecting scientific and technical 
communication. 

We agree with this central recommendation and with the basic phi- 
losophy and approach to communication problems outlined in this 
report, which we submit in fulfillment of our contract. 

Sincerely yours, 

Frederick Seitz Eric A. Walker 

President President 

National Academy of Sciences National Academy of Engineering 
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CHAPTER 



The Committee on 

Scientific and Technical Communication 



A. BACKGROUND AND INCEPTION 

How to communicate and use scientific and technical information ef- 
fectively has been a problem of serious and growing concern to both 
government and private organizations for at least the past two decades. 
The steadily expanding volume of scientific and technical information, 
the emergence of new disciplines and of new links between existing 
ones, and the increasing number and diversity of user groups and user 
needs are three obvious and urgent aspects of the information problem. 

Scientific and technical information and the insight it provides are 
indeed hard won; this information constitutes the principal result of an 
annual research-and-development expenditure in the United States 
alone that is mounting above $27 billion, with little indication of 
leveling off. New science and technology rest firmly on the base oi 
information generated in the past; thus the effectiveness of future work 
in universities, government laboratories, and industry depends on the 
efficiency of present information transfer. Information costs are usually 
no more than a few percent, at most, of the cost of doing scientific and 
technical work. The improvement in the efficiency of such work that 
would result from increasing the effectiveness of information-handling 
procedures would offset — easily and scveralfold — information costs 
substantially greater than the present level of expenditures for this 
purpose. 

Unfortunately, the proliferation of useful research together with a 
burgeoning increase in the numbers of trained people involved in science 
and technology has overcome the capacity of the classical information 
services to respond effectively. To avert a crisis of major proportions, 
the only present alternative is a strong effort to accelerate the utilization 
of modem computer-aided techniques for handling information. Since 
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2 SCIENTIFIC AND TECHNICAL COMMUNICATION 

success in this effort must rely on a proper blend of intellectual effort and 
complex machine processing, shortcuts are not available. The volumi- 
nous nature of this report speaks well for the complexities of this 
problem. 

The reappraisal of our country's scientific and technological effort 
that occurred in the late 1950's stimulated increased attention to 
problems of scientific and technical communication. Special committees 
and subcommittees of the U.S. Senate and House of Representatives 
conducted a number of major studies of such problems, among which 
outstanding examples were those of the Senate Committee on Govern- 
ment Operations and of the House Committees on Science and Astro- 
nautics, Education and Labor, and Government Research (see Chapter 
8, Section B). In addition, the executive branch appointed a series of 
special panels and task groups to conduct short-term analyses and 
assessments of scientific-and-technical-information problems and to 
recommend possible solutions. Examples of these efforts are the reports 
of the Baker Panel, 1 * the Crawford Task Group, the Weinberg 
Panel, 170 and the Licklider Panel. 100 (See Chapter 8, Section B, for a 
summary of the main objectives and findings of each of these reports.) 

Three major results of these various congressional and White House 
studies were the creation of an Office of Science Information Service 
in the National Science Foundation (nsf), acceptance of a presidential 
reorganization plan to establish the Office of Science and Technology 
(ost) in the Executive Office of the President, and the organization of 
the Committee on Scientific and Technical Information (cosati) of the 
Federal Council for Science and Technology, which endeavored to 
develop standard practices and procedures among the information- 
handling activities of federal agencies and to foster greater coordination 
among them. At the same time, major scientific and technical societies 
and libraries began to take steps to enhance the effectiveness of their 
communication programs, many such efforts being stimulated and 
funded by the nsf. In short, during these years federal and private 
organizations came to recognize that “strong science and technology 
is a national necessity and adequate communication is a prerequisite 
for strong science and technology,'' 80 

Unified and continuing surveillance and coordination of federal in- 
formation activities were made possible through cosati, but there was 
still no comparable perspective oi coordinating mechanism for the 
ever-increasing number of information-related activities of non- 
federal groups. Though previous studies, notably that of the Weinberg 
Panel, 170 had recommended certain broad policies to the scientific and 
engineering community, specific implementation was left to the unco- 



i 




Committee on Scientific and Technical Communication 3 

ordinated judgment of many diverse individuals and organizations. 
Therefore, both the ost and the nsf came to recognize the need for a 
nonfederal body to facilitate coordinated planning by the many diverse 
private organizations, as cosati does for the federal agencies. A careful 
assessment of the over-all scientific-and-technical-communication com- 
plex and of the interrelationships between government programs and 
those of the for-profit and not-for-profit organizations was essential to 
effective planning. And there was need for a mechanism that would 
facilitate effective interaction between the government and private or- 
ganizations in regard to scientific-and-technical-information problems. 
As a first step toward the fulfillment of these functions, a study was 
needed by a group broadly representative of the many kinds of private 
information activities, a study that could survey these activities in much 
more detail than any of the previous panels and make more sharply 
directed recommendations, some of which would be aimed at ways of 
ensuring continuing coordination and at the proper division of responsi- 
bility between the federal and private organizations. Therefore, the 
nsf, with ost concurrence, requested the National Academy of Sciences 
(nas), in cooperation with the National Academy of Engineering (nae), 
to appoint a committee for this purpose. 

As a result, the Committee on Scientific and Technical Communica- 
tion (sat com) came into being in February 1966, with support for 
three years provided by the nsf. Its membership was chosen to represent 
various segments of the nonfederal community (major scientific and tech- 
nical disciplines, libraries, commercial publishers, industry, and universi- 
ties) , subject to the exigencies of personal commitments. The member- 
ship also included a wide range of interests and types of expertise in 
scientific-and-technical-in f ormation activities to assure insight, awareness 
of the implications of new technologies, and sensitivity to the information 
problems and needs of the everyday working scientist, engineer, and 
practitioner. 

The Committee’s charter (Figure 1), with minor modifications, corre- 
sponded to its original assignment from the nsf. 

To define the scope of its activities more precisely, satcom distin- 
guished between literature that presents the results of research, de- 
velopment, analysis, or experimentation and documents that describe 
work in progress or planned. The Committee agreed to make the publi- 
cation, dissemination, and utilization of information on completed work 
the main subject of its study, to devote less attention to work in progress, 
and to exclude from its consideration the problems of handling informa- 
tion on planned programs of future activity. 

From the beginning, and consistent with its charter, satcom regarded 
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COMMITTEE ON 

SCIENTIFIC AND TECHNICAL COMMUNICATION 
Revised Charter 



The Committee will be expected to examine in broad perspective and 
to make recommendations on the present status and future require- 
ments of the members of the scientific and engineering community 
with respect to the structuring, flow, and transfer of scientific and 
technical information and insight. 

Since information activities of the federal government combine with 
those conducted in the private sector (by groups and organizations 
of all kinds— -in the United States, and to a lesser degree, abroad) 
to serve all the individual sdentifts and engineers in the United States 
and their organizations, and since the demands upon this combined 
effort are rapidly increasing, the Committee will give special attention 
to: 

1. Information activities, policies, and relationships, interrelating 
the groups and organizations of the private sector (both at 
home and, as relevant, abroad), 

2. Interactions and interrelationships between the federal gov- 
ernment and the private sector in connection with scientific 
and technical information, especially federal executive or legis- 
lative actions or operations that affect substantial portions of 
the private sector, 

with a view to making recommendations to the organizations and 
individuals of the private sector, as well as to the federal government. 

The Committee will also consider, particularly (but not exclusively) 
in the light of the overall problem: 

1. Methods for promoting more effective relationships between 
information systems and scientists and engineers, the principal 
producers and users of scientific and technical information 

2. Techniques and systems for facilitating the effectiveness of 
information transfer 

3. Needs for new means of providing greater selectivity and 
consolidation in information transfer 



FIGURE 1 Charter of the Committee on Scientific and Technical Communica- 
tion. 
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the scope of its survey as encompassing the entire series of organized 
activities involved in the transmission of information from early informal 
communication through formal publication, announcement in secondary 
media, and, finally, review and consolidation to adapt it to the working 
context of a potential user. Therefore, our survey focused chiefly on the 
efforts of people and functions of organizations rather than only on 
documents and documentation tools. 

satcom’s activities during its three years of existence have been of 
several sorts, as detailed in Appendix A. To gain perspective, we 
surveyed in depth each of a large number of private and governmental 
information-handling activities, often by visiting the headquarters of an 
activity. To assist in the resolution of some currently acute issues as well 
as to develop perspectives on possible coordination procedures in certain 
special fields, we organized four ad hoc Task Groups (see Appendix A). 
Finally, to sound out the opinions of the scientific, technical, and infor- 
mation-handling communities, and to secure their broad participation in 
the formulation and resolution of policy questions, we selected and 
maintained contact with a group of about 200 key individuals from 
diverse institutions and disciplines (see Appendixes A and B), called 
satcom’s Consulting Correspondents. 



B. ORGANIZATION OF THE SATCOM REPORT 

Following this introductory chapter is one that briefly presents satcom’s 
basic philosophy and the subject areas treated in its recommendations. 
The third and core chapter of the report introduces each recommenda- 
tion in its entirety, with accompanying discussion to indicate the thinking 
that led to its formulation as well as its action implications. Subsequent 
chapters provide additional detailed information on topics and problems 
treated in the recommendations. Chapter 4 deals with primary communi- 
cations and includes material on generators and users as well as on 
such major types of primary communications as meetings, preprints, 
technical reports, serials, and translations. Chapter 5 describes basic 
access services and emphasizes especially the functions of libraries 
and of basic abstracting and indexing services. Consolidation and re- 
processing — services that replace the incoherent mass of primary infor- 
mation with a concise, coherent, and evaluated account, and when 
appropriate tailor it to specific user groups to facilitate its application 
— are discussed in Chapter 6. Chapter 7 describes the implications and 
applications of new technologies in relation to the processing and trans- 
mission of scientific and technical information and briefly discusses 
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some of the related problems of copyright. National concern with the 
over-all planning and coordination of scientific-and-technical-informa- 
tion activities and some of the major studies and recommendations of 
legislative and executive bodies are summarized in Chapter 8. Chapter 
9 turns to the international arena and three types of cooperative arrange- 
ments to facilitate the exchange of scientific and technical information 
across national boundaries. Finally, in Chapter 10, we describe more 
fully the role and functions of the proposed nas-nae Joint Commission 
on Scientific and Technical Communication. 

For the hasty reader, Chapters 1 and 2 are suggested as essential, 
together with the list of recommendations in Appendix C. For greater 
detail, Chapter 3 gives the recommendations in complete form, with 
accompanying discussion, and Chapters 4 through 10 offer back-up 
material in depth. 



CHAPTER 

A Summary of satcom’s Thinking 
and Recommendations on 
Scientific and Technical Communication 




A. BASIC PRINCIPLES 

A primary concern throughout our survey was to relate the complex 
network of scientific-and-technical-cominunication activities to the en- 
vironment that has shaped it, supports its current operation, and will 
influence the course of its future development. A variety of factors 
affect and, in turn, are affected by patterns of scientific and technical 
communication. These include: 

1. The education, objectives, **nd work habits of those who guide 
or participate in the conduct of science and technology 

2. The missions, resources, and intellectual authority of the organiza- 
tions and institutions that establish policies, set standards of perfor- 
mance, and determine the allocation of resources 

3. The emergence of new technological and procedural tools 

The philosophy that we have developed during our three years 
of existence accords with and builds on that expressed in the earlier 
reports of the Baker Panel 14 and the Wembcrg Panel. 110 Our philosophy 
also has been strongly influenced by the extraordinary diversity of 
the things we have learned about information services and systems 
and about the needs and aspirations of those whom they serve. This 
diversity, of which we hope the reader will get at least a taste in 
Chapters 4 through 9, can be bewildering, yet at the same time filled 
with opportunities, and it is the latter aspect that has impressed us mf'st. 

Our recommendations reflect our effort to stimulate recognition of 
some of the major opportunities. and acceptance of responsibility for ac- 
tion. For example, we have tried to challenge the scientific and technical 
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societies to appreciate the crucial role they must play and have pointed 
to some specific areas in which they can take steps to fulfill this role. We 
have emphasized to sponsors of research and development that such work 
is of value only when the results are accessible and capable of being 
adapted to the contexts in which they can be applied. In other words, 
the sponsors' responsibility for such work includes whatever steps are 
appropriate (patent, publication, or announcement, for example) and 
necessary to assure its availability. 

We have pointed to the feasibility and necessity of serving special 
user groups (each numbering a thousand or so) who have common 
information needs that often cut across several disciplines or encompass 
only one particular subdivision of a broad discipline. Effective service 
to such groups is a first approach to the future goal of individual service 
geared to each user's specific requirements. 

Wc have called particular attention, as have several committees and 
panels before us (for example, the Weinberg Panel 1 '*), to the ever-grow- 
ing need to sift, evaluate, compile, and consolidate the rapidly expanding 
store of scientific and technical information. 

And possibly most crucial, we have suggested mechanisms and 
policies that we believe will be the most effective means of coordinating 
and focusing sdentific-and-technlcal-communlcatlon efforts during this 
transitional period of burgeoning activity and rapid change. 

Fundamental to the satcom philosophy is our recognition that a 
basic elemer* of strength in our country's ov:r-all scientific-and-technical- 
communicatkm effort is the participation of the members of the scientific 
and technical community in its development and administration. As a 
result of their broad participation, our extraordinarily diverse commu- 
nication programs and services have maintained a flexible responsive- 
ness to changing and newly emerging needs as well as fulfilling a variety 
of other functions not entirely relevant to communication but re- 
flecting firmly established traditions and work habits of scientists, 
engineers, and practitioners or of the organizations with which they 
are associated. Because so many kinds of information must be com- 
municated, and because there are Increasingly wide variations among 
groups of users in regard to the types of information that they need 
and the forms and language in which they need it (see Chapter 4, 
Sections A and B), this flexibility and responsiveness must remain 
intrinsic to our sdentific-and-lechnical-oommunkation network. 

In our concern for maximizing the strengths implicit in our diversity 
(diverse components, fulfilling an ever-expanding range of functions, 
and associated with various managing, producing, using, and marketing 
groups) and for providing continuing responsiveness and progress in 
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meeting new and increasing demands, we have developed a few broad 
guidin': principles that have colored nearly all our recommendations 
and supplied criteria for our decisions on difficult and controversial issues. 

The first of these guiding principles is: The management of all 
scientific-and-technlcal-communication activities must be as responsive 
as possible to the needs, desires, and innovative ideas of the scientific 
and technical groups that they serve. These activities must be suffi- 
ciently flexible to adapt rapidly to changes in user needs and communi- 
cation techniques. In this context, we especially emphasize the need 
for an equitable balance of influence among the managers of informa- 
tion programs, the generators and users of information, and those who 
market information products. Therefore, there should be ample oppor- 
tunities for interaction among these groups, both within particular 
programs and between different programs. 

Though we have emphasized diversity in speaking of today’s scientific- 
and-technical-information needs and concerns, the most obvious problem 
is that of sheer size. The great bulk of material to be handled poses 
administrative, economic, and intellectual problems, which have been 
further aggravated by the rapid expansion of our country’s research- 
and-developmcnt effort, the accelerated pa<*e of science and technology, 
and the ever-growing diversity of needs. While there are obvious advan- 
tages to centralizing authority over large areas of information and 
communication activities, overcentralization can negate the respon- 
siveness that we regard as so vital to the continued effectiveness of 
scientific and technical communication. Consequently, as a second 
guiding principle, we believe that: The administrative entities respon- 
sible for sclentific-and-technical-information programs must be so or- 
ganized and coordinated that they represent a logical and efficient divi- 
sion of functions, but authority over them must be sufficiently widely 
distributed to achieve the responsiveness we deem essential 

Third, we feel that it would be fatal to ignore the purely Intellectual 
problems posed by the mass of knowledge that is inexorably accumu- 
lating; therefore: The planning of our Information activities must involve 
constant attention to the simplifies 'ion and consolidation of existing 
knowledge and Its frequent reprocessing to adapt it to the needs of 
diverse users, especially those engaged primarily In the practical applica- 
tion of scientific and technical information. 

A brief discussion of three vitally Important problem areas will vur- 
ther illustrate the satcom philosophy. The fi st such problem area 
is that of defining the relative roles of the federal government and private 
organizations — both those not for profit and those for profit — in the 
communication of scientific and technical information. Private and 



10 SCIENTIFIC AND TECHNICAL COMMUNICATION 



government organizations have, or should have, the common objective 
of providing information services that are increasingly responsive to 
the needs of users of scientific and technical information. However, there 
are basic differences in the motivation and capabilities inherently iden- 
tilled with not-for-profit, for-profit, and government organizations, and 
each of these types of organ* ations has characteristics or attributes that 
are uniquely its own. The roles of these various kinds of organizations 
should be mutually reinforcing, with each being assisted in or given 
the opportunity to fulfill those communication functions to which it 
is best suited. 

The not-for-profit private organizations have a vital part to play 
In the communication of scientific and technical information. Such or- 
ganizations include the vast array of scientific and technical societies that 
came Into existence principally to serve the information needs of the dis- 
ciplines that they represent. Because their members typically are among 
the principal generators and users of scientific and technical information, 
the societies are uniquely able to collect, assemble, and assure the quality 
of the Information that they distribute through their basic primary- and 
secondary-publications programs. And they have a widely recognized 
and generally accepted responsibility for assuring the continuity and 
progress of their particular domains of science or technology. 

The unique at'ribute of the private for-profit organizations in the ful- 
fillment of their equally vital role ir. the communication of scientific and 
technical information is that their survival and growth depend directly on 
their ability to recognize, understand, and adequately serve users' needs. 
This ability has Important applications In the service of both scientific 
and technical societies and the federal government and should be fully 
utilized. Such organizations traditionally have been particularly effective 
In providing information for the practitioner and in developing special- 
ized, highly user-oriented services, some of which are designed especially 
to serve the research community. 

Every government agency must support the sdentific-and-technical- 
Information activities that are required in the accomplishment of iis 
mission. In addition, the federal government inevitably must provide 
substantia! support, through certain of its agencies, to sdentific-and- 
technical-information efforts in the public interest. Clearly such support 
cannot be extended without the exercise of responsible management and 
control. Minimizing the danger of coaflict between such control and a 
ready response to the needs and views of the scientific and technical 
communities Is a difficult task. We believe that such difficulties can be 
minimized if the support of a discipline's sciemific-and-technical-infot- 
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mation services does not become more narrowly concentrated than is 
support of that discipline’s over-all research-and-developmcnt effort. 

The economics of information services constitutes a second major 
and pervasive problem area. At the present time, different mechanisms 
provide for the revenues and determine the market prices of primary 
publications and secondary awareness and access services, though both 
types of services are directly related to our government’s massive com- 
mitment to science and technology. In the case of primary publications, 
the practice of allowing the payment of page charges for publication of 
work generated under research-and-development contracts has provided 
a logical distribution of responsibility between generators and users 
and has afforded financial stability to journals in spite of fluctuations in 
amount of input and number of subscribers (see Chapter 4, Section B). 
But at no time has this practice been universally accepted (see the 
recent study of the Biological Science? Communication Project of The 
George Washington University cu Scientific Journal Page Cnarge Pre^ 
tice K ), and, as budgets tighten, opposition is increasing. The collection 
of adequate data on costs and experimentation with new publishing 
procedures and with other, possibly more feasible, means of supporting 
publication are sorely needed. And the situation is even more complex 
iu regard to secondary services that provide for bibliographic control, 
document availability, and abstracting and indexing. Such services have 
derived federal support under legislatively authorized programs, through 
direct subsidy, and from Indirect charges under government contracts. 
Therefore, they are geared to widely differing demands and market 
conditions. As u result, any comparison of efficiency is difficult, and 
obstacles to seemingly practical cooperative arrangements are numerous. 

’fi e costs of scientific tnd technical communication undoubtedly will 
increase, both absolutely and a? a fraction of the over-all cost of re- 
search ani development, and our recommendations recognize the strong 
dependence of the scope, nature, and time scale of further develop- 
ments in scientific and technical communication on economic factors. 
The economic efficiency of all services, and the viability of unsubsidized 
ones, would be greatly enhanced by a rational division of functions 
among different types of organizations, by their recognition and ac- 
ceptance of such coordination, and by the provision of ac 1 quate channels 
for communication and cooperation among them. In addition, operators 
of scientific-and-technkal-tnform&tion programs should incorporate into 
their services on a continuous and systematic basis appropriate feedback 
mechanisms and methods of performance evaluation and should con- 
tinually explore the possibilities of establishing a closer relationship 
between costs and the effectiveness of senfees. Unless there are palpable 
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indications to the contrary, market raids that establish themselves for 
services should be used as empirical guides to user needs (though 
sluggish usei responses to new services must be taken into considera- 
tion). In many instances, sufficient assured support (from government 
or private sources) should be provided io permit necessary modifications 
or innovations to be applied promptly. 

A third vitally important area is the impact of new techniques or 
scientific-and-technicai-romir.unicetion programs and practices. New 
information-handling technology offers the key to further promising 
advances, but it a’^o raises difficult problems. We expect continued 
changes, probably major ones, in the near future in many aipccts of 
scientific and technical communication as a result of such new develop- 
ments a: techniques of inexpensive and rapid photoduplication (full- 
scale and microform). In the more detent future, the on-line use of 
modem electronic computer systems in combination with more effec- 
tive communication facilities holds great promise. These techniques offer 
opportunities to make information services more responsive than ever 
before to the needs of diverse groups of users. To realize this objective, 
the management of such information programs and services should 
foster imaginative innovations and provide ample opportunities for the 
exploration and testing of new procedures. Because of the complexity 
of the problems to be solved and the need for experimental approaches 
to many of hem, it is difficult to predict the forms thfi new informa- 
tion services will assume o. 1 the times at which they will come into being, 
in many instances, the development of new services should be gradual, 
often involving some parallelism with existing ones; the latter should not 
be allowed to cease operation before the abili.y ol new one.* to replace 
them has been tested adequately. 



B. ORGANIZATION OF AND SUBJECT AREAS TREATED 
IN SATCOM RECOMMENDATIONS 

In the following chapter, “The Recommendations Discussed,” our 55 
iccommendations are presented in full, with accompanying discussion 
to indicate the rationale for and implications of each. The purpose of 
this section is to sketch briefly the organization and general subject 
matter of the recommendations. (A guide to the mtcom recommenda- 
tions appeats in Appendix C and summarizes the specific content of 
each recommendation for the reader who needs to locate particular 
ones rapidly.) 
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Since a chief objective cf satcom is to build upon and strengthen the 
present pluralistic and decentralized scientific-and-icchnic.U-commu- 
.lication complex by fostering greater cooperation and coordination 
among its diverse components, our first 11 recommendations in the 
inil’al section of Chapter 3 deal with “Planning, Coordination, and 
Leadership at the National Level.’ Foremost among these recom- 
mendations is one that calls for the c -eation of a broadiy representative 
and high-prestige nongovernmental body to stimulate greater coordina- 
tion among private interests— both rot-for-profit and for-profit — and to 
serve as a channel for their interaction with governmental policy-making 
bodies (Recommendation Al). The proposed body would operate 
within the structure of the National Academies where (a) maximum 
knowledge and expertise would be available to it; (b) there would be 
bioad representation of the organizations, groups, and individuals whose 
efforts depend on and influence scientific and technical communication; 
(c) the desired type of interaction with the federal government would 
be facilitated; and (d) a tradition of diversified and intensive involve- 
ment in scientific-and-techrical-communication activities exists. The pro- 
posed organization would be a continuing one with a full-time profes- 
sional staff. 

Four subsequent recommendations emphasize n philosophy of s.'icrcd 
responsibility between the federal government and private for-profit 
and not-for-profit organizations for the effective communication of 
scientific and technical information. These recommendations (A2-AS) 
define the relative roles of each of the. e types of organizations and in- 
dicate specific areas of responsibility. 

Looking beyond national boundaries, which signify little in scientific 
and technical communication, we next addreia a series of recommenda- 
tions (A6-A9) to the principal typej of International communication 
activities: (a) direct arrangements between societies or government- 
agency programs for sharing the work and products of information ser- 
vices; (b) cooperative international research projects, such as the Inter- 
national 'Geophysical Year and the International Biological Program; 
and (c) efforts of international organizations to stimulate or develop 
coop: rati \e a rtf ngements among nations that will facilitate the flow of 
scientific and technical Information. 

Li the final two of the initial group of recommendations, we deal with 
two complex problem areas, copyright legislation at id the evolution 
of standards affecting scientific and technical communication. Since, in 
both instances, we feel that no rapid and easy solutions can be achieved, 
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we suggest careful study and continuing attention to the development 
of appropriate and feasible arrangements (Recommendations A10 ar.d 
All). 

Ia a second group of 16 recommendations entitled "Consolidation and 
Reprocessing — Services for the User,” we look at the ever more diversi- 
fied and specialized demands for scientific and technical information 
and the ways in which such demands can and must be met. First, review 
and consolidation always have been among thi best means of facilitating 
the effective use of information and, with the accelerating growth of 
the existing body of information and data, must assume an even more 
prominent role. Therefore, four recommendations (B1-B4) urge rec- 
ognition and acceptance of responsibilities for the consolidation of the 
information generated in research and development, measures to increase 
the allocation of resources — both economic and intellectual — to this 
function, and steps to enhance access to such consolidations. 

Recommendations B5 through B9 deal with the provision of spe- 
cialized services that will facilitate the practical application of informa- 
tion, especially in engineering, agricult-ire, and medicine. Hand-tailored 
services for groups of at least a thousand who share common informa- 
tion needs can and must be provided. Such groups must be identified 
and their needs clearly defined so that they can be served more effectively. 
In this area, the private for-profit organizations have been especially 
active, and their experience and capabilities should be utilized to the 
fullest. Such specialized services typically involve the reprocessing o' 
the products of basic abstracting and indexing services; therefore, funding 
policies that will foster the ready availability of such information prod- 
ucts for reprocessing are urgently required. We regard the stimulation 
and expansion of reprocessing activities as the most important thrust 
in making scientific and technical information effective for those who 
use it, and suggestions that will further this effort appear in Recom- 
mendations B 1 0 th rough B 1 2. 

Even as access to reviews presents a problem, so too does access to 
the basic abstracting and indexing services appropriate to the particular 
needs of diverse user groups; Recommendation BO is addressed to this 
problem. The largely unrealized potential of the Information-analysis 
centers ft Ac’s) in the provision of specialized services is the subject 
of Recommendation B14, and two final recommendations treat manage- 
ment problems which, though encountered in all forms and levels of 
scientific and technical communication, are especially prominent in 
providing highly user-oriented services. The development of adequate 
and continuing feedback mechanisms to assure the relevance of services 
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and increased recognition of the need for substantial marketing and 
educational efforts to overcome the so-called “in a rut” and “line of 
least resistance” behavior patterns of users faced with new aid im- 
proved services are the concerns of the two concluding recommendations 
in this section (B15 and B16). 

The third group of 16 recommendations deals with “The Classical Ser- 
vices” of basic abstracting and indexing, library functions, formal and 
semiformal publications, and meetings. In line with the principles advo- 
cated in the initial section with regard to the government and private- 
sector roles in the communication of scientific and technical information, 
we explicitly advocate management of discipline-wide basic abstracting 
and indexing services by appropriate scientific end technical societies 
and the management of other broad bibliographic services (e.g., title 
listings and citation indexes) by commercial organizations, national 
libraries, or societies, with support of these activities, when necessary, 
by the government agencies to whose operations they are relevant (Rec- 
ommendation Cl). Three subsequent recommendations (C2-C4) sug- 
gest measures that will enhance die effectiveness of basic abstracting and 
indexing services. 

The crucial role of libraries as nodes in a vast switching network is 
an area of particular concern and Is the focus of the recent report of 
the National Advisory Commission on Libraiies (see Chapter 3, Sec- 
tion C, and Reference 121). We believe that pouring more and more 
money indiscriminately Into libraries will not solve their complex prob- 
lems. Recommendation C5 advocates a funding policy aimed at intro- 
ducing: (a) a more realistic reflection of library costs Into the conduct 
of science and technological work; (b) a closer relationship between 
costs and services; and (c) more options of extra service for an extra 
price. A subsequent recommendation (C6) focuses on education — both 
education of users in rehtion to the existing array of library services 
and training programs that place greater emphasis on the operational 
analysis of library services. Such measures would help libraries to per- 
form more effiti -ntly and effectively. 

Seven recommendations (C7-C13) are directed to the organizations 
and institutions that exercise stewardship and control over primary 
scientific and technical publications. The increasing volume and diversity 
of primary communications raise special problems, particularly In the 
area of pricing and funding. Difficulties underlying much of the existing 
controversy about the appropriate placement of financial responsibility 
for the publication of new findings result from (a) the dependence of 
the way of funding scientific and technical communication on the ways 
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our nation funds education and research; and (b) the economics of 
supply and demand relating to scientific and technical communication, 
which depart so far from the classical pattern that allowing the fate of 
publications to rest entirely on the test of the marketplace frequently is 
not feasible. Systematic study and analysis of the economics of formal 
publications are required for the development of flexible and feasible 
funding and pricing policies (Recommendation C7). Further, in this 
transitional stage when new and more-effective funding mechanisms have 
yet to emerge, it is essential that sponsors of research and development 
» continue to recognize their responsibilities for the dissemination of 

results by observing the established page-charge policy. This policy 
offers a logical division of responsibility between producer and consumer 
and has helped to stabilize the economic position of journals in the face 
of fluctuations in input and subscriptions (Recommendation C8). Suc- 
ceeding recommendations in this grojp (C9-C13) suggest measures to 
stimulate experimentation with new media and techniques of formal 
publication (for example, with systems for the selective dissemination of 
information) and efforts to enhance the effectiveness of formal meuia. 

Two recommendations pertaining to semiformal communication cen- 
ter on (a) ensuring, insofar as Is practicable, adequate bibliographic 
control, so that such material can be identified and located; (b) affording 
general accessibility through storage in depositories; and (c) limiting 
distribution to the extent necessary to protect formal, refereed publica- 
tions. Measures to facilitate the use of technical reports with substantive 
content also are suggested (Recommendations C14 and CIS). 

In the last recommendation of this group, we recognize the effective- 
ness of meetings in providing current information and facilitating 
productive informal interaction and urge a more innovative and forward- 
looking approach to the planning and conduct of meetings by sponsor- 
ing groups (Recommendation Cl 6). 

The fourth section deals with the major role of “Personal Informal Com- 
munication'’ in the conduct of research and the application of scientific 
and technical knowledge and describes some of the factors that foster 
widespread dependence on this type of Information exchange. Pending 
the conduct of studies that will clarify and provide more-comprehensive 
data on the ways in which informal channels operate, we offer in this 
area only two recommendations ( D 1 and D2), which are directed 
toward facilitating the occurrence of informal interaction in certain 
contexts. 

Throughout the preceding groups of recommendations, the need for addi- 
I tional data and for experiments with new approaches and technologies 
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appears and reappears. In a final section on "Studies, Research, and 
Experiments,” ten recommendations indicate the types of studies and 
experiments most urgent!" needed and guidelines for their conduct. 
High priority is accorded the initiation of comprehensive analyses of 
and experiments on the functioning of different parts of the network of 
scientific and technical communication as well as its over-all opera- 
tion (Recommendation El). Efforts to develop measures of the value 
of information services and means of overcoming user apathy or resist- 
ance in the face of new options and services should receive major 
emphasis in such studies (Recommendation E2). Additionally, com- 
parisons of various means of storage and transmission, and careful 
consideration of their implications for information-handling practices, 
deserve special attention (Recommendation E3). 

The application of advanced technologies to the scientific-and-tech- 
nical ommunication process presents multifaceted and challenging prob- 
lems. Recommendations E4 through E9 suggest significant and much- 
needed types of experiments involving (a) machine-aided indexing, 
(b) evolutionary indexing of small, widely used, single-interest-area 
files, (c) development and evaluation of languages for describing the 
formats of files and of other types of digital communication systems, 
and (d) development of standard structures for each widely used 
bibliographic documentary information element. The participation of 
highly competent scientists, engineers, and practitioners in such experi- 
ments is of vital importance; consequently, the responsibility of the 
scientific and technical societies for encouraging this participation re- 
ceives special emphasis (Recommendation E7). 

Large-scale experiments that involve targe populations and the use 
of advanced technologies are necessary for the fulfillment of increasingly 
diverse needs; such experiments constitute exploratory development as 
well as research. As a result, they reo 4 uire special provisions for planning 
and funding — provisions that assure continuity by assigning responsi- 
bility for the development of a unified program of critical experiments 
to a shgle group and by adequately supporting this group (Recommen- 
dation EIO). 

C. IMPLICATIONS FOR THE FUTURE 

Implicit in satcom’s philosophy, and the recommendations that follow 
from it, is recognition of the need for continuing change in the ways of 
doing the work of science and technology. By calling upon scientists, 
engineers, ard practitioners to take a greater personal role in the develop- 
ment and use of their communication systems; by summoning adminis- 
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trators of information systems, be they university officials, scientific and 
technical society officers, corporation presidents, or government offi- 
cials, to recognize the pervasive role of economics in scientific and 
technical communication and to adapt or modify their policies and prac- 
tices accordingly; and by presenting to policy planners new options in 
organization and methodology, we are, in effect, seeking appropriate 
changes in their values and behavior, and, ultimately, in the methodolo- 
gies of science and technology. 

Corollary to this effort is the role of education. If such changes as we 
are recommending are necessary to strengthen science anj technology 
— and we believe they arc — then efforts must be made ft all levels to 
effect such changes. We have refrained — wisely, we be’ eve, given the 
complicated nature of our own topic— from making recommendations 
on the ffilure course of scientific and technological education. We hope, 
howevet, that those of our colleagues who are actively engaged in edu- 
cating the next generation of scientists, engineers, and practitioners will 
find in this report stimuli for new approaches and Ideas. 




CHAPTER 




The Recommendations Discussed 



In the 55 recommendations presented la this chapter, we propose policies 
and courses of action that we consider essential for the effective com- 
munication of scientific and technical Information. A brief discussion 
accompanies each recommendation to relate It to the framework of basic 
concepts developed in our survey and to indicate specific implications or 
applications. Subsequent chapters (4-10) offer detailed background 
and supporting material (acquired principally during 1966, 1967, and 
early 1968). 

Our recommendations recognize and reflect the extraordinary diversity 
of our country's information requirements and of the scientific and 
technical organizations that contribute to the development and mainte- 
nance of information-exchange media and services. They deal with the 
management, performance, and economics of the principal functions 
demanded of this complex network of interacting efforts and advocate 
the adoption of certain principles and courses of action without, how- 
ever, subjecting the activities of any particular organization to individual 
criticism. We hope that the leadership of the major institutions engaged 
in developing and operating information programs and in marketing 
their output will review these recommendations in their entirety. The 
priority assigned by them to specific recommendations will vary, depend- 
ing on the status of current efforts toward implementation and on the 
intellectual and material resources that can be mobilized. 

The recommendations deal with problems in five genera) areas. The 
first of these areas, which we have titled "Planning, Coordination, and 
Leadership at the National Level,” has to do with those policies and 
mechanisms for fostering effective communication that can be considered 
national in scope, whether they pertain to the federal government, to 
private organizations, or to both. If such policies and mechanisms are 
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to evolve effectively, there must be provision for a continuing broad and 
farsighted assessment of the activities of the government and of the for- 
profit and not-for-profit private organizations. Also necessary are mecha- 
nisms through which the various agencies and organizations involved in 
scientific and technical communication can be given guidelines and incen- 
tives for greater cooperation and can be stimulated to perceive and accept 
their responsibilities. A second major problem is that of stimulating the al- 
location of increased effort and support to the functions of reviewing, con- 
solidating, and producing compilations of accruing information and 
data. Policies and programs to further this objective and to encourage 
the development and proliferation of access services meeting the re- 
quirements of specific groups whose members have common professional 
interests comprise the second grouping, “Consolidation and Reproces- 
sing — Services for the User." The so-called “Classical Services** — 
including the information-exchange mechanisms of meetings; formal and 
informal primary publications; the selection, acquisition, bibliographic 
control, reference, storage, document-delivery, and other service func- 
tions of libraries; and abstracting and indexing services — are the sub- 
jects of the third set of recommendations. In view of the continuing rapid 
growth of scientific and technical information, these recommendations 
advocate steps for improving its documentation and effective diffusion as 
it becomes part of the body of recorded contemporary knowledge. A 
clearer understanding of the functions of “Personal Informal Communi- 
cation,** so vital to the transmission and application of scientific and 
technical information, and of its relationship to more-formal media, is 
necessary to guide the development of measures that will foster its 
occurrence and enhance its effectiveness. In the absence of sufficient in- 
formation on the operation of informal interpersonal channels, we con- 
fine our treatment of this topic to a brief discussion and to two recom- 
mended policies to facilitate such interaction. In a final group of 
recommendations, we recognize the pressing need for “Studies, Research, 
and Experiments,** especially critical experiments involving large popula- 
tions and large stores of information. Since the future development of 
scientific and technical communication will depend to an increasing 
extent on such experiments of operational scale, provision for their 
planning, conduct, and support must be assured. 



A. PLANNING, COORDINATION, AND LEADERSHIP AT THE 
NATIONAL LEVEL 



Today in the United States, scientific and technical communication ex- 
hibits the characteristic heterogeneity of a system that evolved by fits 
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and starts through adaptations to locally perceived needs and oppor- 
tunities. No master plan prepared by experts guided its evolution, nor 
are our information services staffed by an organized body of such experts. 
Instead, decisions have been made, and are still being made, at numerous 
points and with a considerable degree of autonomy, often by leaders of 
scientific and technical societies who function as volunteers in the man- 
agement of information programs. 

Though the performance of this heterogeneous aggregate of activities 
has been criticized on many counts, there is no evidence of critically in- 
efficient operation or catastrophic failure. Nevertheless, with the neces- 
sary and continued expansion of information services, scientific and 
technical communication presents increasingly diverse problems, and 
our ability to maintain high-quality services under such unstructured 
coordination and leadership is frequently questioned. As long as it con- 
tinues to function reasonably well, the present dispersed system of 
decision-making is a source of great strength. Moreover, deeply 
rooted principles and traditions of this country’s scientific and technical 
community argue against placing scientific and technical communication 
under centralized management. Therefore, rather than urging imme- 
diate and radical change at the present time, we see the implementation 
of recommendations directed toward more effective coordination, plan- 
ning, and decentralized management as the best means of coping with 
the growing and increasingly varied demands for scientific and technical 
information. 

As a prime objective, we urge that the initiative of individuals, 
institutions, and organizations continue to be accorded substantial scope 
in the development and operation of those scientific-and-technical-com- 
inunication services that they consider to be in their best interest. 
Such information activities should be designed and operated as indi- 
vidual and somewhat independent parts of a comprehensive network, 
and, as a matter of policy or principle, no attempt should be made to 
centralize them either physically or managerially. The conversion at 
this time to a national monolithic system, comprehensively planned, 
developed, and operated, for recording, structuring, and distributing 
scientific and technical information would be exceedingly costly and 
would not ensure improved performance.* 

Economics and the increasing overlap of various disciplines even- 

* Such a comprehensive system has been established in the Soviet Union for many 
years. Subject to both the advantages and disadvantages of operation in a social 
and economic system that is much more conducive to central planning than is 
that of ihe United States, it appears in sum to have an operational effectiveness 
and sophistication of methodology well behind our best disciplinary and 
mission-oriented systems, 
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tually must force greater cooperation, with a consequent decrease in 
duplication of intellectual effort. It is vitally important that continued 
efforts toward effective coordination and voluntary cooperation be 
vigorously fostered, satcom was strongly impressed by the evidence 
that currently existing mechanisms have not been sufficient to elicit the 
required degree of cooperation among private not-for-profit and for- 
profit organizations. Nor have the private organizations as a whole been 
able to work closely enough, and to their mutual benefit, with federal 
information services and systems. There is need for a body through 
which private organizations can coordinate their interests and cooperate 
with a similarly representative government group in formulating, and 
fostering acceptance of, necessary new or modified national policy, 

RECOMMENDATION A1 

We recommend the establishment of a Joint Commission on Scien- 
tific and Technical Communication , responsible to the Councils of 
the National Academy of Sciences and the National Academy of 
Engineering. This Commission should be conversant with activities in 
scientific and technical information and should provide guidance useful 
to public and private organizations in the development of more-effective 
scientific and technical communication. The Commission should be 
a group with as broad a representation as feasible of the major scientific 
and technical communities and the principal kinds of organizations 
engaged in related information-handling activities . It should be sup- 
ported by a professional secretariat. The Commission should be 
responsible for leading the private sector in the coordination of its 
interests and programs and in the development of broad and farsighted 
plans. It should also be responsible for working with appropriate 
government groups in formulating needed national policies and pro- 
grams and for gaining broad acceptance of them . 

Several considerations prompted the selection of the National Acad- 
emy of Sciences (nas) and the National Academy of Engineering 
(nae) as the optimum location for the recommended Commission. 
First, a major goal of this body will be to effect a closer coupling of the 
development of the scientiSc-and-technical-communication network to 
the pattern and requirements inherent in the development of science 
and technology; therefore, the Commission should be placed where it 
has ready access to the greatest competence and knowledge in regard 
to science and technology. Second, no existing institution comes as 
close as do the two Academies and the National Research Council to 
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embracing the representative organizations, groups, and individuals 
whose efforts depend on or influence the pattern of scientific and tech- 
nical communication. Such broad representation is essential if the Com- 
mission is to foster increased awareness of and participation in the 
development of policies affecting scientific and technical communication 
and to stimulate efforts toward implementation. Third, the type of 
interaction with the federal government envisioned for the proposed 
Commission is completely in accord with that which has characterized 
the Academies from their inception and was, in fact, the principal rea- 
son for their creation, as reflected in their charters. Finally, the very 
substantial and diversified Involvement of the two Academies and the 
National Research Council in scientific-and-technical-communication 
activities is well recognized and of long standing (see Chapter 10, Sec- 
tion D, for illustrative examples). Moreover, the charter of the National 
Research Council specifically directs this body to assume certain re- 
sponsibilities in scientific and technical communication (see Chapter 10, 
Section C). Thus, it seems clear that the structure of the Academies 
makes them the most effective location for the type of coordinating 
Commission proposed, a Commission whose mission entails: 

1. Serving the scientific and technical community as a foremost agency 
in fostering coordination and in consolidating its interests in the handling 
of scientific and technical information 

2. Serving the government by providing representatively compre- 
hensive and authoritative information and advice on the activities, 
needs, and ideas of the scientific and technical community in this field 

Among the possible alternatives considered by satcom was that of 
establishing a new federal agency or entrusting an existing one with 
the responsibility to supervise and regulate the national aggregate of 
scientific-and-technical-communication activities. We rejected this pos- 
sibility because we did not believe that at the present time such a course 
would produce gains sufficient to offset the decrease in effectiveness 
likely to result if the participation of the scientific arid technical com- 
munity in the management of communication programs and services 
were reduced, a view that was held also by the earlier Baker Panel 
(see Chapter 8, Section B, and Reference 14). A second alternative 
was that of creating an entirely new and independent nongovernmental 
organization to take an active role in coordinating scientific-and-techni- 
cal-communication activities; however, it appeared to us that no newly 
created body outside the government could offer or soon achieve the 
prestige, authority, and broad representation so vital to the performance 
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of its intended function. We subscribe instead to a third alternative: 
to locate the proposed coordinating body within the structure of an 
existing organization — the one most nearly fulfilling the required condi- 
tions for its successful operation and with whose traditions and objectives 
it would be in complete accord. 

In addition, we believe that the recommended Commission, working 
in cooperation with an active Committee on Scientific and Technical 
Information (cosati), which advises and assists the Federal Council 
for Science and Technology (fcst) in coordinating the government’s 
programs, would reflect the spirit, if not all administrative details, of 
a recent recommendation made by the Science Ministers of the Or- 
ganization for Economic Cooperation and Development (oecd). This 
group urged each member country to establish a single high-level focus 
for all national activities in scientific and technical communication. 

In recommending such a Commission, satcom emphatically is not 
providing for its own continuation under a new name. We have inter- 
preted our task as surveying the complex and evolving patterns of com- 
munication and, on the basis of our findings, suggesting constructive 
approaches to the future planning of information-transfer activities and 
productive forms of interaction among the responsible groups involved. 
Though we have discussed the directions in which certain trends are 
leading us, and have expressed specific preferences for alternatives in 
policy and action, we cannot forecast the probable broad outcomes even 
within the next five years. The rate of change in information activities 
is so rapid, and the interplay of private organizations among themselves 
and with the federal government so complex, that even the broadest 
issues require continuing attention. The major tasks of the proposed 
Commission must go far beyond those undertaken by satcom. Meta- 
phorically, one could say that we reconnoitered a complex landscape; 
the Commission must supply the leadership necessary to get bridges 
built, expenditures assigned, and a viable economy established. 

There should be no protracted hiatus between the discharge of satcom 
and the establishment of the Commission. To assure some degree of 
continuity, several of our recommended policies and principles can 
serve as selected points of departure for on-going and future Commission 
activities (see Chapter 10, Section A). Further, the Commission should 
maintain and enlarge the relationships established by satcom with 
the scientific, technical, and information-handling communities through 
its group of some 200 Consulting Correspondents. 
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The Roles and Responsibilities of Federal and Private 
Organizations in the Planning and Coordination 
of Scientific and Technical Communication 

With regard to the present role of the federal government in the 
planning and coordination of scientific and technical communication 
at the national level, an understanding formalized in 1964 between 
the President’s Special Assistant for Science and Technology and the 
Director of the National Science Foundation (nsf) resulted in a clear 
apportionment of responsibility for two major domains (see Reference 
43). The Office of Science and Technology (ost) was to “provide 
leadership in effecting cooperation and coordination among Federal 
agencies with respect to their scientific and technical information ac- 
tivities.” Such leadership would be exercised through the Federal Council 
for Science and Technology, with the assistance and advice of its 
Committee on Scientific and Technical Information. The responsibility 
for “providing leadership in effecting cooperation and coordination 
among non-Federal scientific and technical information services and 
organizations toward the end of developing adequate systems for the 
collection, organization, and dissemination of information” was assigned 
to the nsf. In the fulfillment of its assignment, the nsf supported the 
development of more-effective information-handling systems in major 
scientific and technical disciplines and provided for the widespread 
dissemination of information on federal and nonfederal information 
programs and Activities. However, a federal agency could not fulfill, 
among nonfederal organizations, a role comparable to that of cosati 
in relation to federal agencies. The need for a broaoly representative 
nonfederal body to interact with private organizations and provide in- 
formation on their communication requirements and capabilities was 
recognized and led to the creation of satcom in the Nai'onal Academies 
at the request, and with the support, of the nsf. (See also Chapter 8, 
Sections B and C.) 

It is vital that the role of the government and private organizations 
be mutually reinforcing. Therefore, it is important that, as a basic 
philosophy of management of this country’s information programs, the 
involvement of private organizations be encouraged by the government 
to the maximum extent possible. Such encouragement should include 
government financial support as warranted. As we emphasize later in 
this section and in subsequent portions of this chapter (e.g., Sections 
B and C), there are certain situations in which we feel that the not-for- 
profit organizations should be the preferred instruments for fulfilling a 
particular objective, In other instances, the for-profit organizations 
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should be prefened. In any event, financial support policies should be 
permissive and should not automatically preclude support for any 
group. 

In recent years, a number of studies and discussions have dealt with 
proposed arrangements for the comprehensive planning and coordina- 
tion of the complex network of scientific-and-technical-communication 
activities. Foremost among these studies are the ones catalyzed by the 
cosati Task Group on National Systems, three of which deal with 
national document-handling systems, ,1 - 48 abstracting and indexing ser- 
vices, 1 ” and scientific and technical data-handling services. 180 In these 
and other major planning efforts, the importance of establishing suitable 
forms of cooperation between the operations of private organizations and 
the federal government was recognized, but little consensus developed 
with regard to tbe hierarchical level and scope of responsibility assigned 
to private institutions. One approach entailed complete operational and 
policy control by a new independent government agency; another con- 
cept was that of a government-chartered private corporation, with a 
board of directors drawn from both the government and private organi- 
zations. This private corporation’s operating activities would be sup- 
plemented by a governmental commission to establish and define policy. 
(See Reference 37 or Reference 46 for a detailed review of various pro- 
posed plans.) A more recent suggestion 181 involves the creation of a 
quasi-govemmental body, an nas-nae office, directed by a board com- 
posed initially of cosati and satcom members and funded through 
congressional appropriation. Possibly, the plan which has stimulated 
widest discussion is that of a governmental “capping” agency which 
would delegate responsibility for information handling in various subject 
areas to appropriate government agencies; the latter, in turn, could in- 
teract and cooperate with private organizations in the development and 
operation of needed information programs and services (see Reference 
37). 

At one time, the Task Group on National Systems advocated the trial 
operation of the latter plan in four disciplines — agriculture, chemistry, 
medicine, and nuclear science. This trial was to include a National Sys- 
tems Planning Staff of modest size at tb?. White House bvel to coordinate, 
monitor, and appraise the experiment. Ine mission-oriented information 
needs of the designated responsible agents were expected to give each 
a major stake in at least a part of its assigned area. Information pro- 
grams would operate as extensions of agency programs and would 
include provision of services, research and development, and education 
for use. 

The policies of the nsf represent yet another approach to the sharing 
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of responsibility for the management of scientific and technical com- 
munication. Through incentives of support for not-for-profit bodies, 
the nsf attempts to stimulate major disciplines to improve and strengthen 
their scientific-and-technical-communication programs and thereby ful- 
fill more effectively the information needs of these disciplines as well 
as those of closely allied mission-oriented endeavors. Further, the nsf 
facilitates the coordination of information activities through wide-sc^e 
dissemination of information about national and international informa- 
tion programs and projects of private and governmental organizations.* 

Since we believe that our pluralistic network of information activities 
has many advantages and strengths, we subscribe to a philosophy of 
shared responsibility between the government and not-for-profit and 
for-profit private organizations in the management of scientific and tech- 
nical communication as outlined in the following recommendation. 

RECOMMENDATION A2 

Effectiveness and economy demand a basic philosophy of shared re - 
sponsibility between private organizations — those for profit and those 
not for profit — and the federal government in the management of sci- 
entific and technical information. In this sharing, the major scientific and 
technical communities and organizations involved in major information- 
handling activities should exercise leadership in improvement and 
management, recognizing the place of their activities as part of a na- 
tional aggregate of endeavor in which the government also plays a major 
role. Equally, all government agencies should rely on organizations of 
the relevant scientific, technical, and information-handling communi- 
ties for a major share in the management of the information services 
required by agency missions and activities. 

Implementing this recommendation and establishing the proposed Joint 
Commission on Scientific and Technical Communication (Recommen- 
dation A1 ) would provide the mechanisms necessary to guide the evolu- 
tion of scientific-and-technical-communication programs in balanced 
and flexible responsiveness to the requirements of both governmental 
and private institutions. But these mechanisms must be supplemented 
by a framework of supporting policies and principles. 

Foremost among the required policies is one that clarifies and defines 
the relative roles of the government and the private organizations. 

* Unfortunately, the nsf's very useful Scientific Information Notes was discon- 
tinued in the recent economy move — an untimely step backward in a crisis 
period for the information field. 
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The federal government has many reasons for starting, expanding, and 
supporting information programs, some of which are narrowly mission- 
oriented and others so broad that they cover whole fields of science. 
Few can be fully effective if conducted in a routine way; insight and 
guidance from persons skilled in relevant fields of science and technology 
and in the communication of information are nearly always necessary to 
ensure the usefulness of these programs. 

In the management of information prog r a:ns, scientific and technical 
societies, or jointly established institutions of such societies, can fulfill 
three conditions essential to effective operation. The first is continuity; 
erratic shifts of emphasis with the drift of fashion and major excursions 
in annual budget are controlled in the interest of the long-term unfolding 
of science. Second, many highly competent people, because of their 
lively and devoted interest in the information services so essential to the 
advancement ol their respective disciplines, are willing to assume re- 
sponsibility for the professional quality of such services and to work 
on a voluntary or part-time basis. This point was emphasized in a 1958 
report issued by a special panel of the President’s Science Advisory 
Committee, 14 and more recently a cosati task group report 54 also 
referred to the ability of the scientific and technical societies to marshal 
the best efforts of their members to their publication programs. Third, 
when scientific and technical societies provide necessa-y information 
services, operating as they inevitably must with government assistance, 
their performance can be carefully monitored and assessed by the con- 
tracting agency in the best interest of the public. Substantive expe_,s on 
the staff of a funding agency act as public advocates, ensuring that qual- 
ity and responsiveness are intrinsic to the supported programs. When 
the government provides such services itself, its substantive experts fre- 
quently must function in an operating role, which may detract from or 
obstruct their power of deliberate review in the interest of the public. 

In regard to for-profit bodies, their responsiveness to user needs and 
their sensitivity to the marketplace enables them in certain instances to 
accomplish most effectively the objectives of the government. 

RECOMMENDATION A3 

We recommend that, as a guiding principle, all government-sponsored 
scientific-and-technical-informaiion programs directed in major part to 
workers outside government service, or to workers in government whose 
activities are similar to those outside, should be managed, in whole or 
in part, by the appropriate societies or institutions jointly created by 
such societies or by commercial organizations. 
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In support of this principle, we recommend, in addition, that federal 
agencies engaged in setting up and operating mission-oriented infor- 
mation programs be guided by a government-wide policy, to be developed 
by the Federal Council for Science and Technology, which directs 
the use of and, if necessary, appropriate steps to upgrade or stimulate 
the initiation of the privately operated basic information services which 
could serve as component elements in such programs. 

Three obvious exceptions to this guiding principle are the national 
libraries (the Library of Congress, the National Library of Medicine, 
and the National Agricultural Library). In addition, when an appro- 
priate society or private body does not exist, a federal agency must 
provide for the fulfillment of its information needs in other ways. 
In such cases, private for-profit organizations often can supply valuable 
assistance. Frequently, too, the federal agency can stimulate the organi- 
zation of a society that not only will take an active part in developing 
services to meet mission-oriented agency needs but also will serve the 
emerging or evolving discipline more effectively. The establishment of 
the American Institute of Aeronautics and Astronautics (a merger of 
the American Rocket Society and the Institute of the Aerospace Sci- 
ences), which was fostered by the National Aeronautics and Space Ad- 
ministration (NASA), exemplifies such an effort. 

The fields of aerospace and geology provide illustrative instances 
of shared responsibility between private organizations and the federal 
government in the management of major scientific-and-technical-infor- 
mation programs. In the former, NASA provides access to relevant world- 
wide technical report literature through Scientific and Technical Aero- 
space Reports (star), which is managed by a commercial enterprise 
under contract to NASA. Complementing star’s coverage is International 
Aerospace Abstracts, operated by the American Institute of Aeronautics 
and Astronautics, also under contract to NASA, which covers the world’s 
journal literature, books, and meeting papers in this field. In the case 
of geology and the earth sciences, the United States Geological Survey 
(uses) has afforded access to the technical report and journal literature 
of North America, with the American Geological Institute (agi) as- 
suming responsibility for coverage of relevant literature from other 
parts of the world. Currently, the agi has accepted responsibility for 
the preparation of an index ( Bibliography and Index of Geology ) that 
consolidates all entries assembled by the usgs and the agi and that is 
issued by the Geological Society of America in cooperation with the 

AGI. 
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RECOMMENDATION A4 

In consonance with the above recommendation, we call on the Fed- 
eral Council for Science and Technology to extend Us 1961 policy 
statement (nsf Press Release, nsf 61-147, October 25, 1961; Scientific 
Information Notes, Vol. 3, No. 5, p. 1, 1961),* revising it to embrace 
as integral to the sponsorship of research and development not only the 
publication but also the processing of the information so generated for 
access, consolidation, and use in education, training, and application. 

As the size of the accumulating body of scientific and technical in- 
formation and the variety of means and purposes for its communication 
increase, publication no longer completes the job of making the results 
available to the community for whose use they were acquired. The con- 
solidation of information through critical review and evaluation, its 
condensation for use in announcement, awareness, and access services, 
and its preparation for storage in computer-managed structures providing 
for search, retrieval, and selective dissemination — all these are as es- 
sential to effective diffusion as is initial publication. (See also Recom- 
mendations B2, B3, Cl, C2, and pertinent discussion, Sections B and C 
of this chapter.) 

The operations of a number of federal agencies present specialized 
information-handling problems, the magnitude of which requires the 
creation of highly structured and centrally managed mission-oriented 
programs. Some of these agencies, such as the Atomic Energy Commis- 
sion, the National Aeronautics and Space Administration, and the 
Public Health Service, have statutorily assigned information functions 
relating to their missions. Others, for example, the Department of De- 
fense or certain agencies of the Department of Commerce, require broad 
and diverse information programs in support of the numerous teams 
and organizations with which they work. Because of their scope and the 
resources they command, they exert a dominant influence on the evolving 
patterns of scientific and technical communication. Progressively better 
coordination of their activities is a vital task in the performance of which 
cgsati deserves all possible support from governmental as well as private 
sources. 

* The fcst policy allows budgeting and payment of page charges under federal 
research grants and contracts in accordance with four criteria: (a) work reported 
is government supported; (b) charges are levied impartially on all papers pub- 
lished by a journal; (c) payment is not a condition of acceptance; and (d) jour- 
nals operate on a not-for-profit basis. 
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Of particular significance in this context are the slowly knitting, mas- 
sive programs that have emerged in recent years to deal with such major 
social concerns as natural resources, education, transportation, pollution, 
and urban problems. For each of these, the role that science and tech- 
nology ultimately will play still is evolving, and so, too, are the nature, 
scope, and structure of the information programs that will be required. 

RECOMMENDATION A5 

We urge that the sponsors of major programs of research, analysis , and, 
in particular, field experimentation in such contexts as resources manage- 
ment, environmental control, transportation systems development, and 
urban renewal consider it one of their central tasks to develop the 
information systems that their scope and impact require . Information- 
management activities should receive focused attention at a high level, 
assuring continuity and authority in their administration . Full use should 
be made of the institutions and pertinent resources in both the govern- 
ment and private organizations under the policies and procedures we have 
advocated . 

The application of the policies and practices that we recommend for the 
effective operation of scientific and technical communication is especially 
important in this new range of national endeavors. The extent to which 
we shall ultimately succeed in marshaling the full potential of science and 
technology for such purposes as control of environment, husbandry of 
natural resources, or planned modification of the urban community 
pattern is difficult to foretell, but one thing is certain: This objective 
will not be achieved without data bases and information systems that are 
substantially more extensive than those that previously have supported 
our major scientific and engineering ventures. Information of economic, 
demographic, and sociological character, which in research contexts 
would be considered the exclusive domain of the social sciences, must 
now be available and used in complete integration with engineering, en- 
vironmental, and geographic information. 

International Cooperation 

The need for international cooperation in establishing and operating 
scientific-and-technical-information services already is great and wiU 
continue to grow. Knowledge has little to do with national boundaries, 
and as the rapid expansion of knowledge demands more extensive and 
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diversified information services, the waste entailed when each nation 
provides a complete set of services for itself becomes more and more 
inexcusable. We in the United States should recognize that our contribu- 
tion to the world’s primary literature has always been only a fraction of 
the total, and that this fraction is decreasing as more of the world’s coun- 
tries achieve high productivity. The need for cooperative efforts of inter- 
national scope is apparent; the only question is how best to effect such 
cooperation. 

The four recommendations that follow result from our survey of the 
many and diverse endeavors to achieve international cooperation now 
in progress and of the difficulties they so often encounter. Such en- 
deavors, a number of which are described in Chapter 9, comprise three 
broad categories: 

1. Direct cooperative arrangements between information-handling pro- 
grams of societies or groups in the same discipline or of equivalent 
mission orientation (An example of discipline-oriented cooperation is 
that of the Institute of Electrical and Electronics Engineers with the 
London-based Institution of Electrical Engineers in the production of 
Electrical and Electronics Abstracts. An example of mission-oriented 
cooperative activities is the development of the International Nuclear In- 
formation System in which the Atomic Energy Commission Is an active 
participant.) 

2. Cooperative stewardship of the information resulting from large 
international research programs, such as the International Geophysical 
Year 

3. Internationally sponsored programs integrating the e forts of many 
countries in the solution of information-handling problems and the de- 
velopment of more-extensive information networks (An example is 
the Committee on Data for Science and Technology, sponsored by the 
International Council of Scientific Unions.) 

Leadership in and support of our so-called national programs increas- 
ingly involve concomitant responsibility for &e development of more- 
effective international scientiflc-and technical-communication systems. 
Our recommendations emphasize this responsibility in relation to the 
three types of endeavors described above. 

RECOMMENDATION A6 

The potky making groups of our scientific and technical societies must 
encourage t,te managers of their mabr Information sen kes to develop 
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ways in which access and transfer activities can operate on a more 
truly international basis through sharing the work as well as the products 
across national boundaries. 

Of particular importance in the development of direct cooperative ar- 
rangements of international scope is the introduction of such considera- 
tions during the early stages of planning new advanced information 
programs and services. In every instance, maximal receptiveness to inter- 
national partnership should be emphasized and suitable mechanisms 
of cooperation developed. Further, there is great need for the significant 
involvement of planners and managers of information programs in the 
special problems of access faced by the developing countries. Such 
involvement can best be achieved through direct professional contacts. 

The federal government has provided guidance and strong encourage- 
ment to international arrangements effected by its various agencies 
through a 1968 policy statement of the Federal Council for Science and 
Technology,** which is discussed in detail in Chapter 9. The following 
recommendation results from our recognition of a comparable, though 
somewhat different, need for guidance and assistance from the federal 
government with regard to the international aspects of nonfederal pro- 
grams. 

RECOMMENDATION A7 

To minimize the delays and frustrations that so often beset professional 
groups striving for international agreements, the appropriate agencies 
of the federal government should explicitly acknowledge their responsi- 
bility to encourage and, if necessary, officially assist such groups in their 
efforts to set up end implement international agreements for sharing the 
work and products of scientific-and-technical-information services. In 
turn, professional organizations in the private sector should inform 
appropriate government agencies of their international activities in scien- 
tific and technical communication, including the planning of International 
meetings. 

The federal agencies whose assistance will most often be required are 
the Office of International Scientific and Technological Affairs of the 
Department of State, the Office of Science and Technology, and the 
Office of Science Informa ion Service of the National Science Founda- 
tion. Such assistance may take a variety of forms: e.g., issuance of United 
States visas for visiting representatives of Fastern European information 
activities, encouragement of measute* to facilitate the export of technical 
information, or provision of travel funds foi American delegations. 
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Past international research programs sometimes have not made ade- 
quate provision for the storage and dissemination of the information 
they have generated, or have done so only belatedly (see Chapter 9, 
Section B). There should be an early effort to anticipate and identify 
the requirements for special information programs, to determine their 
scope and cost, to appraise the impact of the program output on exist- 
ing informal^ . activities, and to determine whether the latter are 
adequate for tew demands, need modification, or should be sup- 
plemented by ad hoc activities. (Examples of new information activi- 
ties generated by an international research program appear in the 
discussion of the International Geophysical Year in Chapter 9.) 

RE COM M BNDATION A8 

We recommend that, whenever any large International research program 
Is undertaken , the central management ol the program provide, from the 
earliest stages of planning, a special effort addressed to the handling of 
the information and data pertaining to and generated by the projected 
research. 

Programs of particular relevance to less-developed countries will require 
special efforts to develop ways of making newly generated information 
available to them in forms that will facilitate its most effective use. 

Our final recommendation of this group on international communica- 
tion deals with U.S. participation in information activities sponsored by 
international organizations. 

RECOMMENDATION A9 

When federal agencies participate In Internationally managed Informa- 
tion activities that touch areas of significant Interest to nongovernmental 
organizations or services, the federal government should ensure that the 
US. delegations Include knowledgeable representatives of the major 
groups affected. 

Such action is important (a) to ensure proper regard for the legitimate 
concerns of nongovernmental groups and (b) to provide for maximum 
effectiveness, breadth of outlook, and technical expertise within i'ie 
groups representing our country. 

Special Problem Areas of National Concern 

The implications of copyright law and practice present a number of 
issues and problems at the national level for the development of informa- 
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lion systems. The statutory basis of contemporary copyright practice 
dates from 1909, and the law has undergone no major revisions since 
that time. Rapid advances in information-handling technology during 
recent years have brought into increasingly sharp focus the often con- 
flicting needs to provide for the free flow of information by every pos- 
sible means, to assure authors recognition and, when applicable, ma- 
terial returns for their effort, to protect the integrity and identity of 
original intellectual work, and to protect the equity of those who venture 
resources to assure the availability of information. Major problem areas 
relevant to scientific and technical communication are of three general 
types (see Chapter 7, Section C, for further details) : 

1. Questions of copyright coverage for certain types of works, such as 
critical or informative abstracts, computer programs, and documents 
resulting from federally funded research or educational programs 

2. Questions related to exemptions of the use of copyrighted works 
for certain limited purposes; e.g., the definition and interpretation of 
the doctrine of fair use 

3. Questions of the appropriate conditions and mechanisms for 
compensating copyright holders in connection with on-demand docu- 
ment services, computer transmission and display of Information, and 
new machine methods of establishing and maintaining library collections 

Before the development of new statutory language for use in arbitrating 
these various issues, satcom believes that thorough studies should be 
conducted to obtain data on and evaluate experiences in the operation of 
affeck .i information services. Legislation 11 has been introduced that 
would establish a National Commission on New Technological Uses of 
Copyrighted Works (this Commission is not related to the Joint Com- 
mission on Scientific and Technical Communication described and 
discussed in Recommendation Al) to study and compile data on the 
reproduction and use of copyrighted works In automatic systems and by 
various forms of machine reproduction. 

RECOMMENDATION A10 

satcom endorses the statu'sry establishment of a national commis- 
sion to study and repo,t on the impact of the new Information-transfer 
technologies on copyright principles. At the present intermediate stage in 
the development of information-handling technology, only a flexible and 
evaluative approach can provide an adequate basis for future legislation 
that will best satisfy the needs for broad and rapid accessibility of infor - 
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motion, maintenance of incentives, and protection of investments in 
copyrighted resources. 

The Commission proposed in Senate Bill S.2216 would be chaired by the 
Librarian of Congress and composed of members who represenl the 
Congress, authors and publishers, information users, and the general 
public. Following its studies and analyses of the data collected, this Com- 
mission would recommend legislative language and interpretive pro- 
cedures to be incorporated into copyright law and practice. Our endorse- 
ment is of the general concept of a commission to study copyright 
problems; it does not cover this or any other relevant proposal in every 
detail. 

A second major problem area pertains to standardization and con- 
vertibility. Margins of increased performance and reduced costs, afford- 
ing greater opportunities for information service systems to adapt to 
changing conditions, can be achieved through mechanisms that foster 
broader utilization among information services of one another's tools 
and products. Efforts toward standardization typically relate to this 
problem area, yet outright standardization often may be inappropriate 
or not feasible. A broader range of alternatives is needed to minimize 
inadvertent incompatibilities and to avoid excessive duplication in the 
effort of fitting the same information into different service structures. 
New forms of conventions and agreements, in addition to the adoption 
of suitable standards, can help to reduce the seemingly arbitrary 
multiplicity of procedures and products of the many organizations, sub- 
systems, and components contributing to the structuring, transfer, and 
use of scientific and technical information. The need for better standards 
and their wider use is particularly important if operators of information 
services are to take full advantage of modem computer-processing 
methods. 

The principal substantive problems of standardization that affect sci- 
entific and technical communication are of concern to so many other 
fields that we cannot expect to exert a dominant influence, but, in efforts 
addressed to their resolution, it is important that the needs of scientific 
and technical communication receive adequate consideration. Beyond 
ensuring this consideration, satcom and the proposed Commission (see 
Recommendation At ) should devote their best efforts to fostering de- 
velopments that will enhance the compatibility and coherence of infor- 
mation transfer and processing in this field, such as encouraging the 
establishment of working groups that bring together leading activities, 
especially in the large-scale computer handling of scientific and technical 
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information, for joint consideration of questions concerning compati- 
bility of equipment, programs, and data formats. 

RECOMMENDATION All 

Responsible to the Joint Commission proposed in Recommendation At, 
there should be a working group charged with keeping abreast of de- 
velopments in standards that pertain to the transfer and processing of 
scientific and technical information and with reporting to the Commis- 
sion on: (a) the adequacy with which scientific-and-technlcal-commmica - 
tion activities are represented; (b) the degree to which standards activi- 
ties ore meeting the needs of this field; and (c) the fo/eseeable impact 
of on-going standards activities on scientific and technical communica- 
tion. Other working groups also should be created and assigned to prob- 
lems relevant to the handling of scientific and technical information, 
such as the formulation and Implementation of agreements to enhance 
software compatibility among organizations in the field. 

Such working groups should have representatives from appropriate or- 
ganizations in both the government and private institutions — the network 
of private, university, and national libraries, major government-agency 
information programs, leading university programs, the principal ab- 
stracting and indexing services, and commercial information enterprises. 

In its concern with information transfer, scientific and technical com- 
munication overlaps the over-all domain of communication where prob- 
lems of equipment ar 1 procedural compatibility involving such technical 
matters as byte size, character set, or transmission rate and mode are re- 
ceiving the systematic attention of established standards organizations. 
However, the problems of securing interchangeability of certain widely 
applicable computer programs and of many files of substantive informa- 
tion have only recently become the targets of comparable efforts. A 
recent and encouraging development in this area was the formation of 
the Joint Agreement Group (JAO) in mid- 1 968 (see Chapter 5, Sec- 
tion B) to foster agreement on definitions of data elements, structure 
for tapes, and specifications for tape formats. 

The task of fostering interchangeability requires accomplishments 
ranging from a common file description language to the coordinated 
planning and design of system programs to make the various information- 
processing systems compatible with one another. The working group 
proposed In Recommendation A1 1 should use the year 1973 as its target 
date for accomplishing such interchangeability on a significant scale. 
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B. CONSOLIDATION AND REPROCESSING— SERVICES FOR 
THB USER 

The history of scientific communication, as seen by the user, is one of 
repeated innovation, with ever newer mechanisms connecting him to a 
rapidly growing body of information. About three centuries ago the 
progress of science became so rapid that waiting for the writing of books 
w. s impractical, and the scientific journal emerged as a new mechanism 
for announcing current advances. Some ISO years ago, the abstract 
journal came into existence to meet the need for access to a rapidly 
growing journal literature. And today the facility of the modem computer 
in selecting and sorting offers the possibility of another major step in 
assisting users to acquire needed answers and insights. 

If we could afford it, we would give each worker his own hand-tailored 
information system, which would best accelerate the progress of all who 
use science and technology. The special features of these individualized 
systems would be most apparent in those media in which a user seeks first 
for facts, ideas, and suggestions: 

1. Consolidations of accumulated knowledge (articles reviewing re- 
search progress in specific fields, critical compilations of numerical data, 
state-of-the-art articles in the literature of practice, and the like) 

2. Handbooks 

3. Abstracting and indexing services 

4. Library catalogs 

The time when we can afford to supply hand-tailored access for an 
individual or a very small group is not yet in sight; what is done about 
this will depend on the efforts of the Individual or s:.iail group concerned. 
What can be done for groups of reasonable size — a thousand or so- 
ls a very different matter. It is both feasible and necessary to hand-tailor 
access to information for what we shall call “need groups.” Because 
science and technology cannot make progress when completely frag- 
mented any more than they can without rather detailed specialization, a 
need group cannot be an isolatable set of people. In the field of heat 
transfer, for example, we find one or two thousand people deeply in- 
volved in it on a continuing basis. Yet many others in related fields will 
have less frequent but similar needs for access to heat-transfer Informa- 
tion and will belong from time to time to this “heat-transfer need group.” 

The Information service that supports such need groups occurs at a 
level beyond primary (initial publication) and secondary (basic abstract- 
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ing and indexing) communications; therefore, we shall call these special- 
ized need-group services “third-level services” and refer to them as such 
in subsequent portions of this chapter. The emergence of the third-level 
need-group service is an inevitable consequence of the rapid growth of 
knowledge, and, in its emphasis on "how to find” rather than on '‘what is 
known,” it closely parallels the shift that has necessarily occurred in sci- 
entific education. 

How then do matters stand with each of the major component services 
toward which a user is likely to turn? Scholarly consolidations of current 
advances — articles reviewing research progress — almost by necessity 
cover fields of limited scope; often they are of immediate and continuing 
interest to far less than a thousand people (see Chapter 6, Section A). 
However, since science and technology are not and cannot be tightly 
compartmcnied, and since each worker, no matter how specialized, 
must occasionally have access to knowledge In broader areas, the number 
who eventually make use of such consolidations is much larger. 

Of broader appeal are the survey articles that account for a sizable 
fraction of the material commercially published by the technical press. 
These articles typically employ less-technical language and are more 
superficial in treatment than the scholarly reviews and tend to be strongly 
practice-oriented. As a result, they command a wide market, which 
suggests ihdr usefulness in facilitating the transfer and application of 
scientific information. 

Critical collections of data (Chapter 6, Section A) have passed through 
a dark age, but during the last few years the necessity of making them 
less comprehensive, of hand-tailoring them for special-interest areas of 
reasonable size to facilitate their use, has gained broader acceptance. 

Handbooks typically have attempted to cover whole disciplines. 
Today, there is growing difficulty in adequately covering entire disciplines 
as well as an increasing need to supplement such compendia with 
smaller reference sources more nearly hand-tailored to specific re- 
quirements. 

Abstracting and indexing services play an irreplaceable part In the 
use of scientific and technical information (see also Section C of this 
chapter). These services developed in relation to broad disciplines, such 
as chemistry or biology, and tended to cover only the scholany journals, 
a trend that recently has been followed by a proliferation of more- 
specialized services or by major efforts among the traditional services. 
Some degree of coverage is now provided in some disciplines (e.g., 
chemistry) for the wide variety of practice-oriented literature, especially 
patents and trade publications. The resulting general growth has brought 
apparent disorder and difficulty, which we are beginning to recognize as 
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the early stage of a major step in hand-tailoring information access for 
our need groups. Rather than less of such growth, we must expect more, 
both in numbers and in diversity, for the time has come when we badly 
need and are able to separate in our thinking and planning: (a) the basic 
abstracting and indexing function, in which abstracts are obtained, as- 
sembled, and indexed (often in great depth); and (b) the reprocessing 
function, in which these collected abstracts are made available to need 
groups in a number of diverse ways. The latter function may be as 
simple as sorting out the abstracts associated with part of the field cov- 
ered by a basic service, though even here pressures for modified 
emphasis in the abstract and different schemes of organization and index- 
ing are great. At an intermediate level, it might be necessary to combine 
abstracts from a number of basic services; heat transfer, again a natural 
example, would require information from mathematics, physics, chem- 
istry, aerodynamics, and astronomy. At a deeper level — one not yet 
attained — reprocessing might include a steady accumulation of com- 
ments, observed relationships, and modified descriptions through which 
the active members of a need group could keep their information in a 
much more nearly consolidated stale. For the near future, stimulating 
and expanding reprocessing is the single most important thrust in 
making scientific and technical information effective for those who use it. 

Library catalogs until recently have shown little evidence of hand- 
tailoring. Current emphasis on special catalogs in book format and the 
initiation of research directed toward effecting a better match of card 
catalog information with user needs and research patterns m are en- 
couraging signs. But here, too, greater effort is necessary. 

Consol tDATtON 

A singularly pervasive conclusion in regard to scientific and technical 
communication is that the functions performed by critical reviews and 
compilations — digesting, consolidating, simplifying, and repackaging for 
specific categories of users — are essential if information is to be used 
effectively. Such endeasors, though necessary for research-front scientists, 
are of particular importance to engineers and other practice-oriented 
users concerned with applying contemporary knowledge to the provision 
of better goods and sendees. 

The broad range of requirements for critical reviews and data compi- 
lations Includes not only the need for periodic syntheses and compilations 
of the accumulated literature in particular scientific and technical fields 
but also the need to record systematically the results of research-and- 
development programs that generate new technologies, often without 
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an accompanying body of published literature (e.g., research and de- 
velopment aimed at the construction of prototype hardware and spon- 
sored by mission-oriented agencies of the federal government, such as 
the Department of Defense, the Atomic Energy Commission, and the 
National Aeronautics and Space Administration). In engineering, peri- 
odic syntheses of progress are accomplished largely through articles in 
technical Journals published for private profit. Such articles typically 
are easy to read and of limited scope. Representing another level of 
consolidation are a wide variety of series of "Annual Reviews of . . ." 
or "Advances ia . . in which strict delineation of the time interval 
to be covered necessarily prevents deep synthesis. Least often en- 
countered but among the most useful forms of consolidation are critical 
and evaluative reviews that relate and clarify findings and their implica- 
tions within a given field or establish relationships between fields (see 
Chapter 6, Section A). 

RECOMMENDATION B1 

Scientific and technical societies must develop, propose, and assist In 
implementing new and better ways to Identify needs for critical reviews 
and data compilations and to further efficient preparation of them. They 
should also give greater emphasis to fostering awareness of the existence 
of such reviews among potential users and stimulating education in their 
use. 

Individual experts might be mobilized for reviews of particular dis- 
ciplines, teams of experts could serve in larger areas, and systematic use 
should be made of the numerous information-analysis centers now In 
operation (see Chapter 6, Section B). Fiscal support and prestige must 
provide the incentives: COveted fellowships, possibly combined with 
arrangements under which royalties from published work accrue to the 
author(s), might help to increase to a more nearly adequate level the 
fraction of their time that scientists, engineers, and practitioners would 
dedicate to this purpose. Additionally, assistance with the location and 
excerpting of references, numerical calculations, the preparation of 
graphs, and other mechanical tasks in the editing of manuscripts should 
be provided. 

RECOMMENDATION B2 

Supporters of research and development should recognlic their responsi- 
bility to provide for the preparation of criticat reviews and data compila - 
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(ions. In most cases, this effort will involve the investment of a larger 
fraction of their resources in this activity than heretofore. 

In addition, sponsors must recognize their more specific responsibilities 
for consolidation. 

RECOMMENDATION B3 

Sponsors of major programs of research and engineering experimentation, 
such as those agencies of the federal government so engaged, must recog- 
nize, as a matter of principle, that each such program has as a part of its 
task the critical filtering, reviewing, and consolidating of the publications 
that it engenders and recording in a systematic manner the new tech- 
nologies that result from it. It is mandatory that each major program 
be. evaluated to determine the level of synthesis and condensation of 
the accumulating primary literature that is required. Appropriate steps 
should be taken to carry out any indicated critical surveys. 

The conduct of such critical reviews and consolidations on a continuing 
basis should be supported through the allocation of funds that, as a 
matter of policy, would be related to the total support assigned to re- 
search and experimcnlation. In certain instances, the preparation of such 
reviews could be an explicit contractual requirement for large-scale, 
long-term projects. Additionally, special opportunities for appraisal and 
consolidation occur when a major regrouping of our country’s scientific 
and technical resources is necessary. The end of Woild War II provided 
such an opportunity and stimulated the preparation of such reports as 
the Radiation Laboratory Series, which summarized advances in elec- 
tronic engineering during the war years. When our involvement In 
Vietnam draws to a close, the military agencies should consider the 
preparation of similarly comprehensive surveys, which wilt critically 
review what has accumulated in the way of classified or inadequately 
reported Information and make it generally available, if and when this 
can be done safely and usefully. 

The problem of access to reviews is critical and merits serious attention 
(see Chapter 6, Section A, for a description of this problem). 

RECOMMENDATION B4 

The Commission should determine what steps, such as a greater assembly 
of reviews Into series or the development of indexes and guides, should 
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be taken to foster easier and more-effective access to the reviews ap- 
propriate to a user’s specific need. 

Need-Group Services 

The scientific and technical societies, like so many of our political and 
social institutions, face increasing feelings of alienation among a growing 
number of their members. Together with significant pressures toward one 
large unified society serving all scientists and technologists in each 
discipline, the feeling is already rife in some disciplines that societies have 
become too large and distant to be effective. Though it is too early to 
predict the remits of these diverse pressures, one possibility deserves 
attention. Sii^c scientific and technical communication is the central 
purpose of the societies, a change in the user’s view of such communica- 
tion could influence the organization of these societies. Possibly, a two- 
level structure, attained in very different ways in different disciplines, 
will develop: Small societies, and divisions, professional groups, and 
committees of larger ones, may exist in large measure to serve need 
groups, while large societies and federations of smaller ones would 
carry out tasks, such as basic abstracting and indexing, that require 
greater size and scope to make them effective. 

If the information requirements that define need groups are to be met, 
both formal and informal organizations must r/articipate in meeting them. 
The problems of doing this change radical!) as we move from research 
through development to practice. Active researchers typically participate 
effectively in organizations and interact with those working on similar 
problems. Workers Involved in development form a transitional group. 
Those engaged in practice are least accustomed to such organizational 
participation and interaction; consequently, the problems of meeting 
their needs are greater and more puzzling. In the recent report of the 
Committee on Science and Public Policy (cospup) of the National 
Academy of Sciences, Applied Science and Technological Progress, u 
Harvey Brooks describes the information problem of the practice- 
oriented scientist or technologist as follows: 

". . . the scientists In a given area of work are much i«s likely to know each 
other or each other’s work in applied science than in basic science. This Is partly 
because of the fact that in technology the method of communication is much 
more by personal coo tact than by literature. Documentation, especially public 
documentation, of new ideas, is given much less attention by technologists 
than by scientists. In tracing the history of Innovation, one is struck by the 
frequency of rtinvtntion of Mess by different groups without knowledge of each 
other's work." 
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'rhis finding suggests that the scientific traditions of public documenta- 
tion should be extended as far as possible into the literature on applica- 
tions of science — and that the extension will not be easy. 

A matter requiring special attention is the practical application of 
information used primarily by engineers, agriculturalists, physicians, 
and other practitioners and less frequently or importantly by research 
scientists. Information programs designed to meet these needs must be 
fairly specific and, therefore, often are small and numerous. Many that 
can be lucratively operated are run by commercial groups, but a number 
of requirements have not been met. Additionally, industrial concerns 
often provide practice-oriented information programs to meet their own 
needs (Chapter 6, Section C). 

In attempting to fulfill the needs relevant to the practical application 
of information, we must remember that much of this kind of information 
resides in the research literature as well as in various technical publica- 
tions and patents. Another body of useful information that is less acces- 
sible is produced by commercial concerns. Convenient access to and 
reprocessing and repackaging of these various kinds of technical infor- 
mation are sorely needed. 

RECOMMENDATION B5 

Each society or association , (he membership of which includes many per- 
sons concerned with practice , especially in engineering , medicine, and 
agriculture, should increase substantially its attention to information 
programs that will: 

L Ensure that access, awareness, and appraisal services comparable 
to those supplied for the body of research literature are provided also 
for publications of particular interest to the practitioner, such as text- 
books, monographs, handbooks, manuals, patents, trade journal publica- 
tions, company reports, catalogs, specifications, and standards 

2 . Stimulate the production of critical reviews and surveys of con- 
temporary fields of knowledge, the condensation being focused on par- 
ticular domains of application of interest to the practitioner and adapted 
to his needs 

3 . Identify types of data banks, including diverse types such as 
Sweet’s Catalog, the Chemical Compound Registry (of Chemical Ab- 
stracts Service), and the Thermophysical Properties Research Center at 
Purdue, which need to be established in a field; establish or foster the 
creation of required data banks; and provide an indexed inventory for 
existing ones that describes coverage and conditions of access 

4. Meet the needs resulting from requirements of continued education 
to keep practitioners in its field up to date 
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Since many of the services enumerated in this recommendation tradi- 
tionally have been handled by for-profit organizations, scientific and 
technical societies should take the initiative in encouraging these organiza- 
tions to undertake them, In instances in which it is clear that such 
services will not be available fnm for-profit organizations, then societies 
should undertake them directlj . 

Many of the smaller need groups, with the exception of those served by 
small societies, feel particularly the lack of specialized services. We need 
to create organizational structures that will foster the initiation and 
development of services for such groups. 

RECOMMENDATION B6 

Each larger scientific or technical society or association should assist 
and encourage its natural subdisciplinary groups to organize for and 
initiate the conduct of appropriate need-group services. 

Leadership in obtaining specialized services and in the management of 
repackaging, updating, and annotating current bibliographic files aud 
their associated literature very frequently will have to rest with sub- 
disciplinary groups. In engineering, for example, estimates suggest 200 
such groups, with varying degrees of overlap, whose efforts, if mobilized 
toward these ends, could greatly enhance the development and provision 
of such services. 

A salient point with regard to need-group services is that informa- 
tion must be transferred in usable form, which is not the same as simply 
disseminating documents. The information must be recast into the 
language of the professional community through such media as brochures, 
specifications, performance and characteristics compilations, standards, 
and handbooks. Often, it also must be conveyed personally if effective 
transfer is to take place (see Chapter 4, Section A). And here the tradi- 
tions and institutions of the individual professions must determine the 
most suitable arrangements. 

In agriculture, for example, the information activities of the Depart- 
ment of Agriculture, centered on the National Agricultural Library, 
work closely with the Extension Service and the County Agents System 
to reach the researcher, business manager, and individual farmer, each in 
his own terms. In engineering, the State Technical Services Program, 16 ® 
recently established by the Department of Commerce, explores ways and 
means of filling a major gap (see Chapter 6, Section C); others remain 
unattended. 

In medicine, there are several ways in which a highly motivated practi- 
tioner may get the information he needs to keep up with advances and to 
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assist him in meeting specific problems of diagnosis, treatment, prognosis, 
and technique. Special journals, books, manuals, and brochures addressed 
to his needs exist; nor have medical libraries overlooked his needs. 
Hospitals, through their various conferences and professional meetings, 
servo as focal points for continuing education, and medical schools and 
professional organizations offer postgraduate courses. A program that 
serves the purpose of education is the Self-Assessment Test for Physi- 
cians, sponsored by the American College of Physicians, now available 
to all physicians. However, most of the recasting of information for 
the general practitioner use still is left to commercial organizations, and 
nnst of the personal dissemination, to the detail men of pharmaceutical 
firms. We suggest a re-evaluation of physicians’ information needs in this 
period of technological advance to take better advantage of modern 
techniques of information handling. 

Especially in areas of development and practice, third-level informa- 
tion systems (i.e., specialized services beyond the primary and secondary 
levels) pose many detailed problems for which we have no answers. It is 
far easier to say what such an information system ought to do than to say 
how to do it. Once more, as an illustration, we consider a group of spe- 
cialists in heat transfer, the asme-aicIie* Heat Transfer Committee, 
which holds annual technical meetings. The generation of an information 
file that would serve the members of this group would enhance the trans- 
fer and application of information from disciplines such as physics, chem- 
istry, aerodynamics, and astronomy. Further, it would greatly assist those 
just beginning work in this specialized area. Abstracts and bibliographic 
aids to past literature, including reports and current catalogs of equip- 
ment, would be compiled, annotated, organized, and maintained by a 
group of interested and competent individuals from the Heat Transfer 
Committee. The structure of the file, definition of terms, and selection of 
peripheral subjects could be made jointly by practitioners expert in the 
field covered and experts in system design and use. Once established, 
such a system would be continually and iteratively updated through the 
use of field profiles filed with the discipline-oriented secondary services 
and through continuing interaction and annotation by the individuals 
who use the system. Thus, the information system on beat transfer could 
be developed to serve 2,000 to 3,000 individuals. 

Only through the provision of such service will the individual be able 
to cope with the ever-growing body of knowledge and use the new tech- 
nologies effectively. The breadth of activity within a field, from practice 

* American Society of Mechanical Engineers and American Institute of Chemical 
Engineers. 
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to pure research — in universities, industry, or government — depends 
f upon having the entire range of information in it available to the student 

and neophyte as well as to the active professional long identified with it. 
(See Chapter 6, Section D, for a more detailed discussion of the scope 
and potential of need-group services.) 

Learning how to operate such services most effectively will require 
the best efforts of all concerned, as will the relatively difficult task cf 
communicating one group’s experiences to the many other parallel 
groups. 

RECOMMENDATION B7 

While need-group Information services eventually should be supported 
through their users, experimental and developmental stages will re- 
quire funds. A wide variety of sponsors, including private foundations, 
the NSF, and mission-oriented government agencies, should provide 
support for these early stages. 

RECOMMENDATION B8 

As experience in the operation of need-group information services de- 
velops, a suitable organization, perhaps the American Society for In- 
formation Science,* should seek support as required from private and 
government sources for a program that, through publications, workshops, 
and meetings, will advance know-how and general understanding of the 
design and operation of such services. 

The vital importance of developments in this area for scientific and 
technical communication during the next decade or two cannot be over- 
emphasized. They present difficult new problems that undoubtedly will 
be with us for some time to come (see Chapter 6, Sections C, D, and E). 

RECOMMENDATION B9 

The Commission (proposed in Recommendation Al) should aid in the 
growth of appropriate need-group information services. It will need to 
do thh' in a variety of ways. 

Stimulation of Reprocessing 

In developing information services for need groups we must be careful 
to separate a near future in the next decade, ucing tested tools, from a 




* Formerly the American Documentation Institute. 
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more distant future when still newer tools would provide even more effec- 
tive services. Today we can: (a) sort out abstracts, especially if available 
in machine-readable form - , (b) rearrange and merge selected abstracts; 
and (c) reproduce copies of the results in readable form, cither on paper 
or in microform. The early information services for need groups will have 
to take such an approach for both technological and economic reasons. 
Consequently, immediate attention should be given to making abstracts 
and associated indexing information readily available for reprocessing, 
which, in turn, requires special attention to low cost and machine 
readability. 

In the far future, so attractive yet so dotted with technological and 
economic question marks, this paper or film approach would be replaced 
by conversational, cn-line access to computer-mediated files. Ths pos- 
sibilities of on-going file modification alone (see Recommendation E6 
and associated discussion in the final section of this chapter) are ex- 
tremely attractive. Ai the motivation to seek out and use available in- 
formation continues to increase, work habits and patterns of acquiring 
information will change and lead to still greater modifications and further 
advances. 

The immediate task in expanding the implementation of need-group 
information services is to stimulate the reprocessing of abstracts and 
associated indexing information prepared by the basic abstracting and 
indexing services. The most effective way to do so would be to restructure 
the support of abstracting services, providing sufficient funds from the 
sponsors of research — governmental or nongovernmental— to nearly 
cover the input costs of the basic services. If this were done, these 
services could make their abstracts ( and index entries) available for re- 
processing at output costs ( actual runoff costs or the nearest equivalent 
thereto) without endangering their solvency (see Section C of this chap- 
ter; Chapter 5, Section C; and Chapter 6, Section D). It is important to 
move toward such a situation, but it would be unrealistic to ignore the 
major barriers that stand in the way, not the least of which is the develop- 
ment of feasible international agreements and arrangements, 

RECOMMENDATION BIO 

Those societies and agencies concerned with the conduct and support of 
abstracting services should seek actively to identify difficulties, find solu- 
tions, and take the initiative in proposing und testing arrangements 
through which an increasing contribution by the sponsors of research to 
the input costs of the basic abstracting services can make transfer for 
reprocessing financially possible at approximately output costs. 
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In the interim, the responsibility not only to encourage but to make real 
a diversified and healthy growth of reprocessing must rest on those or- 
ganizations now conducting the basic abstracting services. 

RECOMMENDATION Bll 

Each basic abstracting service must take active responsibility, as part 
of its obligation to science, for the launching of diverse and useful re- 
processing efforts and for helping to ensure, by the provision of infor- 
mation and education, effective use of the resulting products. 

As the situation evolves toward adequate author-ieferee-editor abstract- 
ing and more nearly adequate sponsor-of-research support for input 
costs, the opportunities for assuming responsibility in reprocessing will 
spread. 

RECOMMENDATION B12 

Not only major societies and federations of societies, but smaller societies 
and divisions within larger ones, should begin now to prepare for the day 
when provision for adequate broadly used reprocessing of access in- 
formation is one of their major responsibilities, both to their members 
and to the future of the fields of science and technology they represent. 
The aid of commercial services should be actively sought for the fullest 
development of useful information reprocessing. 

Access to Basic Services 

Need-group information services, even those based on simple reprocess- 
ing of abstracts and associated indexing information, will not spring into 
being at once. For a long time many workers will have to rely on the 
basic services, while all workers probably will do so when seeking in- 
formation outside their areas of specialization. 

Indexing and abstracting services have developed in a wide variety 
of patterns. The Guide to the World’s Indexing and Abstracting Services 
in Science and Technology lists over 1,800 such services, but it is of 
limited value to the seeker who wishes to find either a service available 
in his library system that covers his area of search reasonably well or a 
collection of services that will give him almost exhaustive coverage. 
Frequently, all that keeps the user from complete bewilderment is his 
ignorance of what is available. VVe badly need a tool, or tools, that will 
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provide guidance to users of diverse backgrounds and with varying 
requirements for completeness of coverage. 

A well-structured index to the indexing and abstracting services, pos- 
sibly incorporating a classification scheme, could be valuable. Similarly, 
subject entries in library catalogs might play an important role in guiding 
users to the most appropriate secondary services. This whole area de- 
serves careful attention, initially in a working conference, later through 
the development of tools and techniques. Research may be required 
as an Intermediate step. 

RECOMMENDATION B13 

The National Federation of Science Abstracting and Indexing Services 
and an appropriate library group or groups, perhaps the Association of 
Research Libraries, should organize fointly — If necessary with support 
from the Council of Library Resources and/or the NSF — a working con- 
ference with broad participation for the purpose of exploring means of 
facilitating the guidance of all library users in their choice of the indexing 
and abstracting services appropriate to specific information searches. 

Information Analysis Centers 

A potentially useful tool for the transfer of scientific and technical 
information exists in the information analysis centers (Chapter 6, Sec- 
tion B). Such centers, usually serving specific fields in whicn large 
amounts of data exist and require critical evaluation, consist of one or 
more acti.’e specialists who (a) systematically collect, index, and store 
information in a field; (b) analyze and evaluate this information; and 
(c) make it available in a form and language keyed to the needs of 
specific groups of users. Over 100 such centers are sponsored by the 
federal government, usually in connection with mission-oriented pro- 
grams; a number of others operate under private or local sponsorship. 
The larger centers aie capable of preparing critical reviews of topics in 
their areas of operation or of assisting the preparation of reviews by 
specialists from other institutions, The potential benefits of expanding 
the number and scope of information analysis centers were emphasized in 
the 1963 report of the President’s Science Advisory Committee H0 : 
“Ultimately we believe the specialized center will become the accepted 
retailer of information.” While present experience seems to limit the 
intellectual and economic viability of such centers to certain rather 
specific fields, it is clear that their potential is still far from fully exploited. 
The pricing of services provided by the centers requires careful con- 
sideration to ensure both economic viability and wide use. 
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RECOMMENDATION B14 

The Commission (proposed in Recommendation Al) should assist in 
the identification of major information analysis centers that are operating 
in particular subject areas and have the capability of offering services 
fulfilling need-group requirements in these areas. Further, the Com- 
mission should stimulate and aid in the exploration of ways in which 
such services can be made more widely available. 

Management Considerations 

Certain problems of management arise in relation to all forms of sci- 
entific and technical communication — initial publication, basic abstract- 
ing and indexing, and need-group services. We discuss them in this 
section of the report because their importance increases as the services 
involved become more specialized and user-oriented. 

recommendation B15 

All agencies which either operate or sponsor the operation of major 
scientific-and-technical-information programs should take steps to in- 
corporate into their services on a continuous and systematic basis some 
appropriate method of performance evaluation. Provision should be 
made for using such evaluation measurements as a basis for modification 
and improvement of the services. 

Most present information systems, particularly libraries, suffer from 
inadequate feedback mechanisms. Typically, they lack a sufficient degree 
of ‘‘statistical quality control.” The usual measures of economic viability 
often are inapplicable because of the lack of any visible relationship 
between 'he cost of providing a service and the price paid by a user. In 
most cases, however, implementation of reasonable and practical mea- 
sures of quality control, usually based on sampling the end product or 
services offered, need not awa't further research in order to provide 
useful results. Information services operated by for-profit organizations 
typically are highly sensitive to users’ needs and employ effective 
methods for marketing their products and services. Feedback controls 
and market sensitivities should be employed more widely by the not-for- 
profit information services. 

In a number of disciplines, responsible staff members of informa- 
tion services operated by societies maintain a booth at the national meet- 
ings of these societies to discuss problems with users. Staff members also 
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hold open forums to discuss or explain new services and solicit construc- 
tive criticism of tbeir products and services. Most information services 
have advisory boards of expert consultants and also hire professional 
groups to make periodic user studies and surveys. Additionally, members 
of the operating staffs meet regularly to discuss methods for improving 
their information services. Many othei methods are used, and should be; 
obtaining critical feedback and keeping services tuned to user needs is a 
continuous process, and its importance cannot be overemphasized. 

Each formal link in the information-transfer process must function 
effectively and convey information to the next link to assure efficient 
communication; therefore, prospective users must be made aware of the 
existence of the component information products and services if the 
process is to operate smoothly and usefully. Fostering such awareness 
is the marketing function. No matter how good information is, the ad- 
vantages of having created it are lost or greatly reduced unless this 
marketing function receives sufficient attention. 

RECOMMENDATION B16 

It should be recognized that one of the legitimate and vital aspects of the 
process of creating and disseminating information is marketing the out- 
put; therefore, organizations that are involved in developing and dis- 
seminating information products should use the most effective and ap- 
propriate marketing techniques available. 

Basic policies for handling the dissemination of scientific and technical 
information, particularly in the relevant societies, usually are formulated 
by members of the scientific and technical community who, for the most 
part, have rejected the view that information must be marketed. The 
general belief is that, if the information is valuable, the people for whom 
it is intended will find it. In fact, there is little basis for such a belief. 

In the commercial publishing world one obvious test of the success of 
any information product is black iuk on the profit-and-loss statement. 
The size of the profit very frequently is directly proportional to the in- 
genuity and intensity of the marketing effort, which typically is part of 
an over-all plan developed prior to the actual creation of an information 
product, with an appreciable part of the publishing budget assigned to it, 
perhaps 20 percent to 30 percent of the anticipated revenues. The mar- 
keting effort also involves a coordinated program of publicity in the form 
of advertising and direct mail and, where the anticipated revenue is 
sufficiently large, a sales staff. 

Two categories of information responsibility may well emerge — whole- 
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sating and retailing. And these two functions may be handled by two 
different kinds of organizations, according to theii capabilities. For 
example, scientific and technical societies and federal information ser- 
vices might focus their efforts on wholesaling information, while sub- 
disciplinary groups and, wherever appropriate, commercial organizations 
might handle the retailing function. 



C. THE CLASSICAL SERVICES 

The consolidation ar d reprocessing activities strongly advocated in the 
preceding section depend on and originate in the classica' formation 
services, which include: 

1 . Basic abstracting and indexing services 

2. Selection, acquisition, bibliographic control, reference, housing, 
document delivery, and other service functions of libraries 

3. Formal and semiformal publication of scientific information (in 
monographs, journal articles, patents, reports, and the like) 

4. Informal information-exchange functions of meetings 

The operation, funding, and improvement of these basic services pose a 
number of problems for the effective communication of scientific and 
technical information. 

Basic Abstracting and Indexing Services 

The rapid expansion of research and development during the postwar 
decades led to uncoordinated growth in the number and variety of 
media and techniques providing awareness of and access to the primary 
scientific and technical literature. Consequently, the basic abstracting 
and indexing services present a complex and confusing picture. They 
urgently require a clearer rationale of operation and sounder funding 
arrangements. 

In contrast to primary communication, there is no mechanism through 
which resources available for the operation of secondary information 
services are coupled directly to over-all expenditures on science and 
technology (see Chapter 5, Section C). In an effort to effect such a 
coupling, the American Institute of Physics recently experimented with 
extending the page-charge policy to include partial support for abstract- 
ing and indexing; this was accomplished by levying a $10 charge per 
article in addition to page charges (Chapter 4, Section E). As yet, how- 



r 



54 SCIENTIFIC AND TECHNICAL COMMUNICATION 

ever, no widely accepted or generally feasible plan has emerged, r .nd 
no comprehensive policy with regard to funding has been established. 

The ready suggestion of letting this mechanism be supplied by the 
forces of the marketplace ignores the highly anomalous supply and de- 
mand economics of information services. For many of the present sys- 
tems, there are no options of “extra service for extra price,” while 
others are operated by the government in the fulfillment of statutorily 
assigned missions, with access provided, if at all, either as a privilege 
at no charge or at a nominal price. In regard to demand, the mounting 
costs, especially of the major abstracting and indexing services, have 
all but driven out the individual subscribers and are beginning to make 
inroads on the smaller institutional subscribers. 

The impediments to the establishment of a bona fide marketplace 
for secondary information services have contributed to expanding the 
direct operation of such services by the government. In view of the 
general mission orientation of the government, the scientific and tech- 
nical community perceives this trend as potentially jeopardizing the com- 
munity's control of discipline-oriented services and gearing what should 
be a long-term, stable, and orderly evolution to the vagaries of federal 
budgets. 

Jn part, the difficulty in developing satisfactory mechanisms for fed- 
eral support of basic abstracting and indexing services may result from 
some of the inherent differences between primary and secondary com- 
munications. Ideally, efficient production of abstracts should be done 
but once— at least for a single broad field of coverage and a single 
langtage of abstracting — and the author should have no choice as to the 
basic abstracting journal that will cover a particular paper. Research is 
under way to derermine the extent to which abstracts prepared by dif- 
ferent services are equivalent with respect to their representational 
capacity, and data giving some indication of the adequacy of abstracts 
prepared under one orientation for persons of other orientations should 
be available soon. A second difference is that while U.S. primary publica- 
tions need cover only this country’s research (though it may benefit our 
country to do somewhat more), abstracting in English must cover the 
worldwide literature in one unit it it is to serve the United States 
effectively. 

In seeking new ways to support abstracting and indexing services and 
to improve existing support mechanisms, special care is required to en- 
sure the broad usefulness of the product and maximum responsiveness 
to the progress of science and tec’.nolcgy. Two issues arc of major 
importance in this context: 
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1. Sensitivity of management, partictilarly b regard to scope of 
coverage and adequacy of abstracting and indexing 

2. Availability of abstracts for purposes of reprocessing and re- 
packaging 

Sensitivity of management depends largely on who manages. Private 
for-profit organizations are most sensitive to the felt wants of users as 
reflected in wiltingness to subscribe; however, they probably would give 
less attention to the progress of the science as a whole and preparation 
for progress b the future than would scientific and technical societies 
(or federations of these societies) to whom such consider tions are of 
major importance. These societies also are sensitive to the felt wants of 
users, although usually less so than the private, for-profit publishers. As 
a result, we have concluded (see Recommendations A3 and A4 of this 
chapter) that both short- and long-term bteresls will be served best if 
tho basic preparation and assembly of abstracts is significantly supported 
by federal grants, but managed, b the case of disciplbe-wide services 
coverbg broad fields of science and technology, by an appropriate so- 
ciety or federation of societies. However, there may be bstances b 
which for-profit publishers are the desired managers of an abstracting 
service. Such possibilities should be compatible with the enunciation of 
federal support policies. 

Mechanisms of federal support should be such that they make re- 
processbg and repackagbg of abstracts easy and frequent The need 
for collections of abstracts selected to meet the icquirements of special- 
ized groups daily becomes more critical and so, also, does the need for 
collections of abstracts that cut across two, three, or several broad fields 
erf science. The scope of such boundary -crossing needs varies from tech- 
nological fields of modest size, such as heat transfer (which bvolves 
mathematics, physics, chemistry, astronomy, and several branches of 
engbeerbg), to nuclear science or biomedicbe. Many fields need much 
more effective abstract coverage by selection, which can be obtabed 
economically only by repackagbg. The duality between mission- and 
discipline-oriented services, emphasized b the Webberg Report, Ue is a 
major reason for the bereasbg need for reprocessbg and repackaging; 
increasing specialization, b both missions and disciplbes, is equally 
important. 

The tasks of abstracting and indexing are of vital Importance in 
assuring that all important information contained in original manuscripts 
enters the information-transfer system and In serving as a foundation for 
the generation of specialized services. The distinctive characteristics of 
these basic functions are threefold. First, the production of new abstracts 
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and the correction and completion of old ones are still demanding and 
challenging intellectual tasks, although the use of author-referec-editor- 
produced abstracts is increasing and eventually may become the source 
of virtually all abstracts. Second, indexing in depth, as practiced by the 
best abstracting services, requires qualified personnel with expertise and 
insight in the fields relevant to the processed information — not only for 
the indexing of individual abstracts but for the reshaping of index 
structures in accordance with the growth and internal restructuring of 
the fields concerned. Major abstracting efforts often spend as much on 
indexing as on abstracting, however, the prestige and remuneration 
associated with this task generally are uot commensurate with the key 
role it plays in scientific-and-lechnical -communication services. Third, 
abstracting and indexing can be handled best in no larger units than 
such broad fields as chemistry or aerospace, principally because of the 
structure of science and technology and the intellectual demands inherent 
in the tasks of abstracting and Indexing. On the other hand, difficulties 
with gaps and duplication increase rapidly if the scope of coverage of 
individual services becomes too narrow. 

The basic discipline-wide access services are not the only ones that we 
have today or will need badly tomorrow. Title listings (some with index- 
ing of moderate depth) and citation indexes are samples of other very 
useful access services. Such services differ in nature and scope from basic 
abstracting and indexing and need not be managed in the seme way. 
Private for-profit organizations, with their sensitivities to user needs, and 
the national libraries, with their responsibilities and ties to the library 
world, do and should continue to play important roles in developing and 
providing them. 

RECOMMENDATION Cl 

The departments and agencies of the federal government should fund 
the literature-access setvlces that are reeded for the effective utilization 
of the knowledge resulting from the research and technical activities that 
they sponsor. In doing so. they should ensure, to the greatest practical 
degree: 

1. Management of basic discipTne-wide abstracting and indexing by 
the appropriate scientific and technical societies or federations thereof , 
though the use of for-profit sendees in special cases should not be pre- 
cluded 

2. Management of other broad bibliographic sendees (e.g., title listings 
or citation Indexes) by prime for-profit organizations, national libraries, 
or societies 
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The conduct of major access activities within the federal government, 
the national libraries aside, should be regarded as a transient phenome- 
non, provided adequate nongovernmental capabilities can be developed. 

RECOMMENDATION C2 

The scientific and technical societies should play their responsible part 
in the basic abstracting process , forming federations where appropriate, 
learning to increase timeliness where necessary, and treating reprocess- 
ing and repackaging of their material by others as normal and desirable. 
(See also Recommendation BIO.) 

The use of primary literature inevitably will be mediated to an increasing 
extent by secondary information concerning the content and relevance 
of the accumulating documents; therefore, it is important to facilitate the 
prompt and cogent entry of primary information into the basic secondary 
service structures. 

RECOMMENDATION C3 

Editors of primary publications should make It a general policy that each 
item submitted for publication be accompanied by an author-prepared 
documentation unit, which wili undergo editorial and referee review to 
eiisure Us adequacy. 

The trend in scientific-and-tecbuical-lnformation programs is toward 
increasing integration of primary and secondary services, with the ob- 
jective of publishing and ottering for subscription both primary docu- 
ments and appropriate secondary information about them — all pro- 
duced and disseminated by a series of efficiently coordinated operations. 
Ihe purpose of our recommendation Is to further this trend. The required 
documentation unit should include bibliographic data, aids for recover- 
ing index terms and primary data, and an abstract 
Implementation of this recommendation will present difficulties, such 
as obtaining uniform observance and cooperation and learning to cope 
with the diverse sources that feed into major services. Special problems 
Involve: 

1. Publications on the border of the professional literature and foreign 
source) of input to the major abstracting and indexing services. Though 
the inclusion of the former is important, there may be practical obstacles 
and no particular motivation to achieve cooperation. 
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2. Economics. How will the costs incurred in preparing and editing 
such documentation units be covered? What rules of equity shall govern 
their use if the publications of which they are a part are copyrighted? 
What should the attitude be in regard to the formation of service organi- 
zations to undertake the preparation of documentation units for smaller 
journals? 

3. The relative efficiency of documentation specialists as compared 
with subject specialists in preparing documentation units. The most 
difficult and important aspects of preparation are to ensure that the 
documentation unit adequately represents the content of the parent 
document and that it is ;rror-free. 

In order to enhance the usefulness and uniformity of the documenta- 
tion units prepared as part of primaiy publications, . htors of journals 
published by organizations that neither operate nor are directly affiliated 
wiib the operation of a secondary information service program should 
be provided with the assistance, as required, of an associate with access- 
rervkc expertise who can establish the policy and monitor the practice 
of documentation-unit preparation at the source. 

RECOMMENDATION C4 

The National Federation oj Science Abstracting and Indexing Services 
should seek sur~ort for the development and promulgation of guidelines 
to be followed by editors and publishers of primary Information in speci- 
fying the required documentation units. 

National organizations, such as the Engineers Joint Council and the 
American Institute of Physics, as veil as the Abstracting Board of the 
International Council of Scientific Unions, have promulgated guidelines 
for the preparation of documentation units; however, their lack of uni- 
formity has limited their voluntary adoption. By eliminating some of 
the more obvious and frequent incompatibilities, the recommended 
guidelines should remove a major obstacle to the acceptance of the 
documentation-unit concept. Further, the National Federation of Science 
Abstracting and Indexing Services should enlist the cooperation of ex- 
perienced editors and the principal editors' councils in this endeavor as 
a step toward increasing broad acceptance. 

Because a multiplicity of basic services will want to employ such 
documentation units, many comparisons among the leading information 
programs and their potential standardizations will be necessary. In 
Section B of this chapter, we advocate certain studies of machine index- 
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log and standardization in the secondary information field to meet this 
need. 



Library Functions 

The role of libraries, particularly research libraiies and special libraries, 
is central in the process of noramunicating scientific and technical infor- 
mation. The great research libraries store and make accessible primary 
scientific and technical journals as well as secondary publications (ab- 
stracts and indexes that constitute the means of finding articles according 
to author, title, or subject), and even guides to these secondary services. 
They maintain bibliographic control, custody, and a delivery system for 
enormous collections of monographs and journals and provide a rich 
variety of reference books and services. They act in many respects as 
nodes in a switching network that makes available information from 
other sources (see Chapter 6. Section E). Through many thousands of 
special libraries in various types of corporations and institutions, a multi- 
plicity of highly specialized mission-oriented services are provided. 
Though the role that libraries play is crucial, the tradition of informal 
person-to-person communication as a way of keeping up with what b 
taking place in a scientific specialty is strong, and very often the ser- 
vices of libraries are bypassed through unwillingness to put up with 
slower and more cumbersome procedures or through ignorance of their 
availability. 

As the backlog of knowledge accumulates, and scientific communica- 
tion therefore becomes more and more complex, it is clear that many 
traditional practices will become increasingly unresponsive. Two main 
lines of attack on the problem ate clearly indicated: First, library ser- 
vices should be improved, and second, scientists should become more 
familiar witli the various types of information services that are provided. 

The push-button library of the future — a vast store of machine- 
recorded data Interrogated In a rapidly responsive on-line Interactive 
system and supported by a great communication network-will eventu- 
ally come about in some form cr, in fact, in a vaiiety of forms. It is not 
our purpose to prognosticate the detailed nature 01 the rate of develop- 
ment of such systems but to attempt to point out at least some of the 
crucial charges of an Institutional, organizational, and philosophic 
nature that must be brought about in order to create the kind of environ- 
ment within which technological innovation and the evolutionary im- 
provement of libraries can flourish. 

If the application of modem technology seems to lag in libraries as 
compared with other areas, t is because the scope of the problem Is 
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immense, and more particularly, because our society and its institutions 
are not effectively organized for a direct attack on the broad systems* 
planning problems that lie at the heart of the matter. The large research 
libraries, in particular, faco serious problems which cut across institu- 
tional boundaries. None of them can hope to be fully self-sufficient even 
for the relatively limited community of scientists and scholars which it 
serves; instead, each must rely heavily on national bibliographic services 
and on the cooperative use of information resources with other libraries. 
The same is true, but even more strongly of course, for the smaller 
college and research libraries. 

Simply to say that more money must be poured indiscriminately into 
libraries is not enough, for without the proper guidelines and a reason- 
able degree of over-all planning on a nationwide basis, the need for funds 
could become a bottomless pit. A deep reappraisal of the method of 
funding library services should be made. The possibilities of a closer tie 
between obtaining library services and paying for them should be care- 
fully explored. Even assuming some base level of “free” library’ service, 
if users had the option of extra service for an extra price, the test of the 
marketplace might provide valuable guidance on t' s optimal allocation 
of library resources toward the most valuable services. Very often, how- 
ever, user response to new, even good, services is characteristically slow; 
therefore, a greater marketing effort must be mounted. Probably scien- 
tists and scholars are slow to acquaint themselves with existing li- 
brary and information services simply because society tends to reward 
originality rather than thorough literature searching. Yet, it is hard fo 
believe that this state of affairs will continue when it becomes widely 
apparent that much rediscovery of what is already known is taking 
place. Though the process may be slow and cumbersome, it seems clear 
that a readjustment of the habits of the scientific community is neces- 
sary. A different balance must be struck between the allocation of time 
for original research and the time spent searching, assimilating, review- 
ing, and consolidating the literature. 

In view of this obligation of the scientific community, it is imperative 
that library services be made much more responsive. There are few 
limits to what can be done, given adequate resources. However, the 
burgeoning federal support of the scientific and technical research of 
the last two decades has not been matched with sufficient support of the 
library and information services that are necessary to ensure efiective 
ccimru.iieation of the results of scientific research. 

The following recommendations are addressed to these shortcomings 
and offer hope of mating an environment in which there is large scope 
for private for-profit and not-for-profit initiative, innovation, and the 
application of new technology. 
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RECOMMENDATION C5 

More support should be provided for library services in colleges, univer- 
sities, and other Institutions with substantial educational and research 
programs in science and engineering . This should be done principally in 
two ways: 

1. Through direct grants by the National Science Foundation, and 
other granting agencies where appropriate, for the strengthening of 
research-ilbrary services, with emphasis on start-up costs for innovative 

services 

2, Through provision In the various research grants to these institu- 
tions, whatever the granting agency, of adequate funds specifically for 
library and Information services, preferably provided in such a way that 
researchers can exercise discretion in the use of these funds for services 
that they find most valuable 

The intent of this recommendation is to bring about a more realistic 
reflection of library costs in the conduct of scientific and technical 
research, a closer relationship between costs and services, and more 
options for the user of "extra service at a ptice.’’ We emphasize the term 
library senices, since such services may and usually should cut across 
institutional lines and involve the concept of networks and the cooperative 
use of library resources. It is presumptive that the institutions most 
deserving of support are those that most adequately plan and analyze 
library operations in terms of cost, effectiveness, and optimum allocation 
of resources with other institutions. However, in small colleges and uni- 
versities, even the conventional resources of current journals and ab- 
stracting and indexing services often are seriously deficient, and we 
cannot uncritically assume that improvement is to be brought about only 
by the sharing of resources. 

The program suggested in the first part of Recommendation C5 
might be structured and administered in a manner similar to the nsf’s 
program hi computer facilities for universities and, in many instances, 
should be coordinated with the latter. 

RECOMMENDATION C6 

The VS. Office of Education should support a broad program In library 
education (in addition to or is par, ( f ‘n w * ent program under Title If 
B of the Higher Education ict), vfi'« .-vc, * mi ntion to the following 

objectives: 
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1. The training of more students in systems analysis, systems plan- 
ning, and operational analysis of libraries and library services 

2. The training cf all students as well as faculty (throughout their 
college careers If feasible) in the use of the increasingly complex array 
of existing library and information services 

Marketing of library services should begin with belter eflorts to make 
the use of such services an integral part of the education process. Support 
of this recommended program may imply in many cases the support of 
library services essentially as educational laboratories for l smaller 
colleges and universities, which may not have research programs ex- 
tensive enough to justify library support under Recommendation C5. 

The mechanism of formula grants by geographic districts, based on 
the number of graduates from eligible undergraduate institutions, may 
prove appropriate here. Arrangements should include the use of ap- 
propriate reimbursement for such services. 

Comments on tub Report op the National Advisory Commission 

ON * JBRARIES 

The National Advisory Commission on Libraries was directed (a) to 
study and appraise the role of libraries "as resources fo. scholarly 
pursuits, as centers for the dissemination of knowledge, end as com- 
ponents of the evolving national information systems” ,n ; (b) to ap- 
praise institutional policies and practices affecting the use of libraries; 
(c) to appraise library funding; and (d) to develop re«r’r v'-*'. vns 
for action. The recent report of the National Advisory Co m., s. u cn 
Libraries 1,1 makes a series of five recommendations, the ba* : imx»rt 
of which is compatible with the recommendations of satcom. While 
It is not our purpose to offer either critique or ov»r-all endorsement 
of their report, the following quotations from it are so much in harmony 
with our thinking that we invite special attention to these points. First: 

Tbe Commission believes that libraries are both essential and major elements in 
providing resources for scholarship in almost all fields of knowledge, in serving 
as centers for the dissemination of knowledge, and in serving as components in 
the evolving national information sysler * The library role in these matters is 
in fact so critical that the Commission eJIeves that tibiaries serving these pur* 
poses must be significantly strengthened. >t» increased strength will require a 
variety t« ! different approaches and tecl. es: Federal support long-range 
planning, and better coordination ! utgec. requirements. 

In their common recognition of the m. r '"‘•nee of what Sa '.Cum has 
called need groups, it Is clear that both satcuM and the National Ad- 
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visory Commission have the common objective of maximizing and 
taking advantage of the strength of diversity in the pluralistic system 
of library and information services presently existing in the nation: 

No monolithic Federal or other centralized administrative control teems either 
feasible or desirable. There will have to be many different kinds of information 
systems and working relationships among a variety of Institutions if we are to 
provide effective access to relevant information for our society. New systems, 
roles, and relationships are likely to emerge at very different rates of speed in 
response to widely varying user needs. 

Further, to ensure responsiveness of services and to fulfill user needs 
effectively; 

It follows . . . that naturally evolving systems that dearly serve Ibe needs of 
users should be given support in their own right at this lime. No one can per- 
ceive the final nature of communications and information-exchange networks, 
nor the quality of a national Information system— with a single exception. The 
exception is that such a system will finally be made up of a large number of 
highly specialized Individual components, eaca one of which should be designed 
to serve the needs of a defined user group. 

Finally, the need for increased library support to reflect the increasing 
demands of federally sponsored research also is brought out clearly. 

The increase in research conducted by universities and sponsored by Federal and 
State agencies, corporations, and foundations has made demands upon university 
libraries that have not been satisfied by either the growth of library coliecricns or 
staffs. All agencies of government, foundations, industries, and other organiza- 
tions that subsidize research by contracts, grants in-ald, fellowships, and other 
means should be made aware of the greatly augmented burden on the library 
that their pint! and subventions commonly entail. This should h* taken Into 
account in the planning of grants and programs. Continuity of such funding is 
critically important. 

Among the five recommendations resulting from the National Ad- 
visory Commission’s extensive studies, analyses, and deliberations is 
one that calls for the establishment of a National Commission on Li- 
braries and Information Science, to be established by the Congress and 
located within tire Office of the Secretary of Health, Hd Hon, and 
Welfare. Such a Commission would serve as a continuing planning 
agency and as a means of developing and Implementing new po ,; cies 
and library services to meet the nation's needs. This Commission would 
advise the federal government and other institutions on library and 
Information needs, would conduct studies, and recommend legislation 
to strengthen the nation’s library and information services. 

We do not feel that the Commission proposed by the National Ad- 
visory Commission conflicts with our Recommendation At, which 
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advocates the creation of a Joint Commission on Scientific and Technical 
Communication responsible to the Councils of the National Academy 
of Sciences and the National Academy of Engineering. Rather, we 
believe that these two proposed bodies could complement and supple- 
ment each other’s efforts to cope with a vast and multifaceted array 
of problems. The important role that the libraries of the future will 
play as components in national information systems and networks 
suggests that, if the proposed National Commission on Libraries and 
Information Science comes into being, it could provide valuable input 
to the SATCOM-proposed Joint Commission on Scientific and Technical 
Communication, which, in turn, frequently could aid and assist the 
efforts of the former. We believe that the philosophies of satcom and 
the National Advisory Commission are much the same; however, we 
believe that those aspects of the information problem that traiscend 
the library problem can be best handled by the mechanisms we propose, 
and that there is ample need and scope for the efforts of both the 
proposed Commissions. 

Formal Publication 

The stewardship and control of formal and informal primary communi- 
cations exercised by the professional community of scientists, engineers, 
and practitioners, together with the scientific and technical publishing 
houses, constitute their foremost contribution to the effective utilization 
of such Information. Therefore, the recommendations included in this 
and the following section are addressed to the organizations and institu- 
tions through which stewardship and control arc effected. 

Ihe growth in volume and diversity of primary scientific literature, the 
distribution of producers of information throughout the scientific and 
technical c* -imunity, and the relative roles of individual items In the 
over-all stream of publications have been extensively analyzed in recent 
years and have yielded data on such major trends as: 

1 . The growing difference between the rate at which an active field 
of Inquiry advances and the rate at which any individual scientist can 
contribute to its advance 

2. The shrinking fraction of the world's total publications contributed 
by any one of the currently leading nations, or any of the present targe 
centers of scientific and technical activity, and the increasing concern 
of these nations and centers with keeping abreast of the scientific and 
technical literature 
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3. The increasing volume of literature that need not and probably 
will not be read again 

4. The rising cost to the scientific and technical community of the 
entire publication effort 

Since publication costs have constituted a perennial problem, especially 
for the not-for-profit scientific and technical organizations, a variety 
of economic mechanisms have been devised to meet there costs and 
have resulted in a complex pattern of interdependencies. During the last 
few years, the allowance of page charges under government contracts 
and grants (Chapter 4, Section E) helped to alleviate the problem, 
but inexorably growing requirements and the introduction of modem 
technology are subjecting the fiscal bases of publication programs to 
new and serious stress. 

The discussion accompanying the next seven recommendations relates 
to the need for thorough study of the economics of formal publications 
and further illuminates Recommendation C7, which is placed first for 
emphasis. 

RECOMMENDATION C7 

We recognize the need for systematic analysis and study of the economic 
aspects of formal scientific and technical publications over the next 
five to ten years. Such a study should examine the income, returned 
to such publications from their principal markets — users, authors, and 
the public- ^together with trends in cost factors and the impact of new 
technologies, to sene as a bash for the development of flexible funding 
and pricing policies, which, in a changing environment, should be 
responsive to the needs of each interested party without being unduly 
responsive to any. 

A few questions highlight the need for such a study. For example, bow 
and to what extent should users ard authors contribute to the revenues 
of a publication venture that is of service to both? How are the revenues 
derived from advertisements used in support erf scientific and techn ( .al 
society publications, and how should they be figured in assessing the 
fiscal load to be carried by generators and users? At what level and in 
what form Is public subsidy of such publication warranted? 

The striking postwar growth of both established publishing houses and 
newly launched commercial enterprises in scientific and technical publi- 
cation shows that under good management a wide range of primary 
communications can be provided with profit. Moreover, commercial 
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publishers are making significant progress in extending the range of 
services offered on the open market. Yet, the demand for technical 
publications can be fully met only by the complementary efforts of 
activities that are funded and function in the public interest. 

In their role as publishers, scientific and technical societies must 
realize that publishing is “big business” and requires the taut manage- 
ment which commercial publishers have learned to give it. \ number 
of current developments are radically changing whatever equilibrium 
former procedures and policies afforded, and their impact on the 
economics of journal publication must be assessed. Major examples are: 

1. The demand for the option of selective dissemination of separates 
to individual soberibers and the concomitant requirement, primarily 
among institutions, for the traditional service of full subscription 

2. The development and use of reprographic techniques, allowed 
under present interpretations of the doctrine of fair use, to supplement 
primary distribution 

3. The changing balance between editorial and setup costs (cost 
of the first copy) and subsequent runoff and distribution costs resulting 
from the changing volume and structure of the market 

4. The possibility of dividing publication of a paper between letter- 
press and microform — that is, a condensed version some 20 percent 
of the original length in the former, with the remaining 80 percent 
available in microform 

During the present transitional stage, and consistent with the belief 
that research and development are not complete until the results are 
made available, we urge that sponsors of such efforts continue to 
recognize their responsibility for the dissemination of results. 

RECOMMENDATION C8 

It must remain the established policy for governmental or private 
sponsors of research to provide, as an item inseparable from the cost 
of such research, funds for an appropriate part of the publication 
process; therefore, we strongly advocate the continuance, as a matter 
of policy, of the provision of funds by sponsors of research and de- 
velopment for page charges — i.e., payments requested by journals from 
contributors and normally approximately covering the editorial and 
setup costs of the publication process. 

Conflicting views exist on the proper division of financial responsibility 
for the essential task of publishing new findings. Two principal causes 
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of controversy are: (a) the economics of supply and demand in scientific 
and technical publication, which depart so far from the classical pattern 
that it is unrealistic to let the entire fate of publication hang on the test 
of the marketplace through complete user support; and (b) the inevitable 
dependence of the ways of funding scientific and technical communica- 
tion on the manner in which our nation funds education and research 
in general. A logical division of responsibility between producer and 
consumer is to let the producer's task include all that is necessary 
to provide a truly free-market option for each consumer. The page- 
charge practice (described in greater detail in Chapter 4, Section E; 
see also Chapter 5, Section C) does this and affords the related advan- 
tage of stabilizing the economic position of the journal with respect to 
fluctuations in input or in subscriptions. (Lack of funds for page charges 
has no adverse effect on publication of a paper, since payment is volun- 
tary.) We feel that funds for publication of new results should be 
provided not only in research-and-development grants but also in fellow- 
ships and traineeships that support new research. 

The page-charge concept, though greatly strengthened by the 1961 
fcst policy 1,1 allowing government support of page charges for in-house 
and contractual work, is still far from universally employed and con- 
tinues to en’ounler opposition. Critics point out that abuses are possible 
and, in fact, occur. On the other hand, some journals are in serious 
financial difficulty as a result of decisions to cease honoring page charges, 
payment of which always has been voluntary. Future changes in con- 
ditions under which primary publications operate may require modifi- 
cation of this policy; the study proposed in Recommendation C7 
should provide the basis for such modifications. 

The so-called copying revolution has implications relevant to the 
page-charge issue. Publishers of primary journals fulfill two very dif- 
ferent functions: (a) attracting, reviewing, correcting, editing, and 
issuing valuable material in reasonably attractive, reproducible form; 
(b) running off and distributing reproduced copies. Prior to page 
charges, the return on the second function had to bear the costs of both. 
We now face a dilemma regarding the extent to which there shall be 
free competition between publisher and copying machine in performing 
the second function. Such competition would tend to lower costs and 
afford greater flexibility of services, but without the development of 
mechanisms that function in the same way as page charges to support 
the first function, such competition would destroy the economic viability 
of primary publications. Though this problem is becoming increasingly 
serious, specific recommendations must await the results of the study 
advocated in Recommendation C7. 

Formal media traditionally have fulfilled a broad range of functions, 
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including the announcement of new results, provision of current and j 

general awareness, and creation of the archival record. In short, they j 

have provided for the orderly communication of scientific and technical 
information, assuring to the user technical quality, timeliness, and 
permanent accessibility, and to the author, rewards commensurate 
with his service. These media include the journals, proceedings, and 
transactions of the scientific and technical societies, currently estimated j 

as numbering more than 30,000; a monograph and technical report j 

literature conservatively estimated at two million titles; a growing patent i 

literature; and finally, an increasing number of nontextual records of j 

primary information, such as computer media and audiovisual records. 

Today, formal publications face several difficult problems. First, the 
time scale of advance in many fields has contracted to the point at which I 

the usual delay between submission of a paper and its publication makes 
inroads on the interest in reading it. Second, the proliferation and un- 
controlled dissemination of unrefereed semiformal publications (Chapter 
4, Section D) renders much that appears in formal media redundant. 

Finally, any attempt to see a substantial fraction of the primary litera- 
ture that is of interest floods the prospective reader with a mass of ( 

irrelevant and useless material. 

RECOMMENDATION C9 

Scientific and technical organizations and other publishers must make j 

a systematic effort to improve the quality and timeliness of formal pitbli - j 

cations. Lag times in publication of as much as a year must be con- \ 

sidered intolerable. We believe that at present competently refereed j 

publication is nearly ahmys possible in six months or less, and that j 

advancing technology will make further time reductions feasible. j 

j 

Some major journals, by utilizing new methods and technologies to the I 

fullest, have reduced the time between submission and publication of a I 

manuscript to approximately three months. Frequently, however, the ( 

principal cause for excessive delays stems from the backlog that a « 

journal has built up rather than from the editorial and production chain. '• 

Shifting some of the load of research-front communication to semi- 
formal publications should facilitate the maintenance of higher standards | 

in formal media. Additionally, measures should be instituted to cope 
with such abuses as publishing nearly identical material in several places, 
a practice fostered by the pressure for publication exerted on scientists, , 

engineers, and practitioners by their employing institutions. The pre- ! 

dominant need is for greater differentiation of services with appropriate 
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gradations in price. We advocate the development of new kinds of 
media and the exploration of alternative subscription arrangements in 
order to s;rve, respectively, si.vh different purpose; - . rapid announce- 
ment and scholarly complete presentations, and such different categories 
of customers as individual and institutional subscribers. 

RECOMMENDATION CIO 

Major scientific and technical societies (if not already doing so) should 
experiment with: 

1. A journal for brief, refereed, and promptly published papers 
(letter journal), with issue period and publication lag not exceeding 
or i month 

2. Organized reprinting, from a group of journals covering either 
a narrow area or a group of cognate fields, of selected papers recognized 
as most outstanding 

The Physical Review Letters tf the American Physical Society is a most 
successful venture of the first kind. More recently Pergamon Press has 
established a number of similar journals in several of the most active 
fields of the physical and engineering sciences. 

In disciplines in which much of the technical report literature is not 
submitted for formal publication, societies might consider establishing 
a periodical that reprints the best of these technical reports. Such an 
effort would be one way of giving the second concept described in Rec- 
ommendation CIO a trial and of fostering greater familiarity with and 
use of the technical report literature. 

Scientific and technical societies also could perform a valuable and 
much-needed service by facilitating informal interpersonal communica- 
tion within and between disciplines. 

RECOMMENDATION Cll 

Scientific and technical societies should recognize the need for publishing 
information that facilitates informal scientific and technical communica- 
tion in their fields (sometimes referred to as meta information). Infor- 
mation on "who is doing what and where " can appear in newsletters, 
as supplements to substantive journals, or as separate publications. This 
support of interpersonal and intraorganizational communication should 
be but one approach in a continuing program to facilitate information 
exchange. 
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News organs that supply information about the inception of and current 
developments in major research projects in a field and provide timely 
information on conferences and meetings have been found most useful 
in this context (e.g., Physics Today and domical and Engineering 
News) . This activity fails in the delicate area between scientific infor- 
mation and scientific intelligence; the degree to which it is useful, 
feasible, and appropriate and the choice of the most suitable media 
to employ depend on sensitive editorial judgment and must be left 
to the control of each individual discipline. 

Two technical developments offer major oppor' unities for effecting 
the kinds of changes in the traditional patterns of disseminating scientific 
and technical infonnation that we consider nc ;essary: (a) the processing 
of information by high-sp&jd computers, and (b) the increasingly 
flexible, rapid, and inexpensive methods of recording and reproducing 
graphic material. Increasingly sophisticated forms of texts aud figures 
can be handled by computer controlled photocomposition, and the 
ready reproduction of offprints and separates in full-scale or microform 
versions affords comparable capabilities in the distribution of copy. 
Of particular importance in this context i?. 'he systematic use of computer 
processes for the purpose of matching available documents to prospec- 
tive readers, both being described in machine-readable representation. 

RECOMMENDATION Cl 2 

To protect users from unwanted and irrelevant lituciue, greater use 
must be made of different methods for the selective disserAnaPoh of 
information (SD1). I;. particular, full-scale experiments should bt 
initiated to provide information on the costs and the effectiveness in 
various resear ch-and-development end technical communities of the 
major types of schemes for the distribution of separates. 

Possible distribution schemes are: (a) outright selective dissemination 
of information (sw) systems; (b) separates furnished as requested on 
the basis of widely circulated lists of document descriptions; and (c) 
publication of a concise version of each paper, either accompanied by 
a microfiche of full text or by the option of getting the full text in hard 
copy on request. Such procedures, geared to individual subscribers, dif- 
ferentiate the services offered them from those offered to institutional 
subscribers. The option of receiving all material must remain available to 
the latter, and, in such circumstances, the price for this service could 
be set in keeping with the institutional subscribers’ market. 

In addition to experimentation with various procedures for distribu- 
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tion, we also urge widespread attention to the possibilities offered by 
new techniques of computer composition. 

RECOMMENDATION Cl 3 

Me jor publishers of scientific and technical literature already are h. iking 
vigorous efforts in the utilization of modern methods of computer com- 
position; we urge the publishers of the smaller journals of more limited 
scop; to see ' arrangements for merging their production activities in 
order to take advantage of the economies of scale implicit In such 
modern technology. 

Consociation ot the production function will lead not only to economies 
in what is generally a particularly costly form of printing but also will 
contribute to the increased availability of full text in machine-readable 
f^nn for subsequent processing in the production of access tools. 

The current bottleneck appears to be the limited capacity of firms 
that are able to produce machine-readable records of scientific and 
technical text. Since this demand will continue to expand, special efforts 
fie uecessaty to train appropriately qualified manpower, thus pro\ iding 
an entry into the information-processing field at a relatively low level of 
skill. 

Semiformal Publication 

Scientific and technical information can be given a type of dissemination 
which, though somewhat irioimal and thus highly user-directed, is 
subject to some formalizing constraints. A wide variety cl media, such as 
information-exchange memoranda, preprints of papers to be presented at 
meetings, preliminary versions of papers prepared for publication, or 
technical reports, exemplify this semiformal type of publication. 

recommendation C14 

The scientific and technical societies should give careful attention to needs 
for and practices in the circulation of the various types of semiformal 
communications ( report literature, preprints, newsletters, and the like); 
should subject this material, somewhat selectively, to bibliographic con- 
trol; and should be prepared to supervise distribution to whatever extent 
is necessary to preserve a proper balance between the advantages of 
broader availability of semiformal publications and the continued 
strength of formal archival journals. Bibliographic control in this context 
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refers to orderly announcement and, in those cases that involve circula- 
tion of substantive information not scheduled for formal publication to 
a significant number of people, the provision of indexing, abstracting, 
and availability in a central depository. 

Informal or semiformal communications, such as letters and reports in- 
tended for limited distribution, historically have been the forerunners 
of formal publication; the scientific journal had its origin in such prac- 
tices. Information exchange groups recently have been the subject of 
much discussion, experimentation, and controversy (Chapter 4, Section 
D). The proponents have stressed the advantages of circumventing the 
delays and overdistribution characteristic of journal publication; those 
opposed have deplored the proliferation of unrefereed, uncontrolled 
literature that competes with and threatens the existence of the c cientific 
journal. This concern is valid but does not imply that semiformal com- 
munication should be discouraged. Instead, adequate measures to ensure 
that such material is accessible — that is, indexed and capable of being 
located and obtained — are highly desirable. Distribution typically should 
be very limited to minimize competition with journals. A single repro- 
ducible micrograph copy in a depository (in addition to the initial 
distribution of possibly no more than a few dozen copies) might well 
suffice to maintain bibliographic control and an adequate level of access. 

It may not always be easy for the scientific and technical societies to 
preserve the status and economic viability of refereed journals and, at 
the same time, provide producers and users of information with swift 
and nighly accessible channels of research-front communication. Since 
much of the preprint material now circulated is submitted for formal 
publication, both the comj" ♦ition with formal journals and much of 
the- need for additional bibliographic control will vanish for material 
that is circulated with a statement indicating that it has been submitted 
to a certam journal (though not necessarily accepted). (See the descrip- 
tion of the preprint circulation plan of the Institute of Electrical and 
Electronics Engineers in Chapter 7, Section A.) This mode of operation 
also exerts pressure on authors to avoid circulating low-grade material. 
Alternatively, any circulation scheme accompanied by indexing and 
permanent retrievability also will encourage attention to quality, since 
authors will realize that their work is reviewable by all who follow. 
Distribution can be kept to a minimum, without discriminating against 
any possible recipients, if all those interested order from a list of an- 
nounced titles and pay for what they get. Finally, much of the pressure 
for extensive preprint circulation can be. relieved if unnecessary delays in 
formal publication are eliminated (Recommendation C9). 
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In fostering the effective utilization of semiformal media under the 
suggested bibliographic control, scientific and technical societies could 
benefit from ready access to and more extensive use of suitable technical 
reports, especially those prepared under the aegis of the federal govern- 
ment. In any case, the availability of this information in hard copy or 
microform can be used to advantage in reducing the economic load of 
| 1 production and distribution. 

RECOMMENDATION C15 

We urge that the agencies of the federal government that sponsor re- 
search and development devise and agree to a policy, to be issued 
by the Federal Council for Science and Technology, which establishes: 

1. A clear differentiation between reports whose preparation is re- 
quired for contractual purposes (periodic progress reports, some final 
reports, and the like) and substantive reports prepared as the status of 
work warrants 

2. Standards of uniformity in the documentation of all substantive 
reports that permit the exercise of the bibliographic control advocated 
in Recommendation C14 

The distribution of mandatorily prepared reports should be left to the 
discretion of the sponsoring agency and need not become the concern 
of the professional community. Substantive portions of such reports 
could be included in independent appendixes to be issued when appro- 
priate as separate technical reports. All substantive reports should be 
treated as any other primary publications. 

Meetings 

To date only a small number of meetings, though in a representative 
sample of disciplines, have been analyzed from the viewpoint of what 
they contribute to the communication pattern. The findings of these 
analyses indicate that meetings generally fulfill a number of information 
needs, but they also frequently suggest possible improvements and pro- 
ductive innovations. Among the aspects most intensively studied are: 
(a) the role of meeting interaction in strengthening and expanding in- 
formal communication networks; (b) the impact of information received 
on the ca-going or planned work of meeting participants; and (c) the 
effect of information generated through meetings (and typically dis- 
seminated through publication of meeting programs) on the communi- 
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cation activities and relevant work of nonparticipants (see Chapter 4, 
Section C; and Reference 50) . 

Criticism of the growing number and size of meetings continues to 
be frequent; and, in fact, many have poorly defined objectives, occur 
at ill-chosen sites and times, and employ facilities and arrangements that 
discourage rather than facilitate communication. Often, too many must 
be attended to get any one story in full, or the frequency of those dealing 
with temporarily popular subjects becomes too great and the material 
presented redundant. On the other hand, in terms of the currency of the 
information exchanged and the speed at which it can be filtered and 
applied to the interests of the individuals concerned, meetings are among 
the most effective media of dissemination. We believe that meetings have 
a crucial role to play in scientific and technical communication and 
that fulfilling that role more effectively is a major challenge. 

RECOMMENDATION Cl 6 

National and international meetings can constitute an essential and effec- 
tive basis for scientific and technical communication. Their predominant 
role can and should be given a more objective confirmation than the 
present intuitive backing. Societies and other groups sponsoring such 
meetings must acquire better insight into the purposes and functions 
of their meetings and must provide the appropriate logistic arrangements 
and measures of quality control. Additionally, the economic advantages 
of large meetings as a means of combining the meetings of overlapping 
interest groups should be exploited. 

The vital significance of meetings lies in the contact they offer with 
current research-and-development efforts in a field and with active fellow 
workers. The criticism that numerous small working conferences would 
be better than large meetings fails to recognize that, if properly arranged, 
meetings can provide an especially economical way to schedule many 
such working conferences in which intersecting interest communities 
can participate. A procedure found effective by some societies is the 
scheduling of small special-interest-group meetings or forum sessions 
within the context of a large annual meeting to give participants an 
opportunity to question authors further about the work they have pre- 
sented, to discuss problems encountered in work, and to describe pro- 
cedures and appt ratus more fully. 

Ouv recommendation explicitly abstains from suggesting an increased 
formalization, nor do we wish to make a general recommendation on 
requiring preprints of major papers on a program. Although there is 
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evidence that the availability of preprints tends to enhance the effective- 
ness of meetings and that the material presented at meetings where they 
were required was on the average no older than that presented at meetings 
of the same society when there was no preprint requirement, the prob- 
lems of preparing and getting preprints released in time can have an ad- 
verse effect on meetings in some disciplines. Therefore, the advisability 
of providing for the availability of preprints before or at the time of a 
meeting must be left to the judgment of the organizing committee. One 
alternative explored in some groups is the submission, shortly before 
a meeting, of detailed summaries or extended abstracts, which are in- 
cluded in the printed program or are available at the time of registration, 
Session time for such papers is devoted largely to discussion and question- 
ing. Measures that increase the opportunities for interaction, both during 
and after sessions, greatly enhance the effectiveness of meetings. Espe- 
cially to be avoided are very lengthy or day-long sessions, with no time 
allocated to discussion. 

In addition to urging meeting sponsors to adopt an innovative ap- 
proach to the planning of such gatherings, we also suggest that agencies 
and organizations engaged in research and development continue to 
support the participation of staff members in scientific and technical 
meetings. To subject meeting attendance to excessive restrictions in the 
face of necessary budget reductions would decrease the communications 
effectiveness of meetings. 

D. PERSONAL INFORMAL COMMUNICATION 

The major role played by informal, person-to-person communication 
in the dissemination of information is generally recognized and has 
been confirmed in systematic studies of communication channels. Such 
communication may take the form of verbal exchanges and correspon- 
dence and frequently deals with very recent developments. Much of the 
scientific and technical information on which we depend is stored in 
the human brain rather than in the literature or in mechanical devices — 
and much of it never gets beyond this repository. The situation was 
summarized briefly by Philip Abeison 1 in a recent editorial in which 
he stated: 

“In a short time and after a few telephone calls, the skilled scholar is in a 
position to tap much of the world's store of knowledge. Reliance on this human 
network provides more than raw information. It provides judgement, and 
suggestions of more feasible approaches to the problem being considered. In 
view of the many strengths of this information network, computer technology 
has far to go to match it in effectiveness and especially in cost.” 
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Several attributes of informal interpersonal communication have re- 
sulted in heavy reliance on it as a principal information source. First, it 
is prompt and conveys timely information on current and on-going work. 
Additionally, it is interactive and thus provides the feedback and con- 
structive criticism so highly valued by scientists and technologists. Be- 
cause it is user-directed, interpersonal communication is one of the 
most effective means of “translating” research findings into the contexts 
and terminology of those who can apply them and of bringing to the 
attention of a potential user information applicable to his work but 
originating in subject areas in which he generally would not search. 
Further, the types of information typically carried by interpersonal 
channels are those that often do not find their way into the more formal 
literature, such as information on methodology, hardware, pilot and 
exploratory work, and unsuccessful efforts. Finally, not the least impor- 
tant of the reasons underlying dependence upon informal interaction is 
the small expenditure of time and effort it usually requires. (See Chapter 
4, Sections A and B, for a more detailed discussion.) 

Informal interpersonal communication fulfills two major functions: 

1 . It stimulates and fosters the progress of research 

2. It is one of the most effective ways of transferring technology to 
the point of application 

In the performance of the first function, informal interaction supple- 
ments and enriches more-formal media by providing much of the specific 
information, frequently of a procedural nature, needed in the course of 
work, by advancing new ideas and hypotheses for investigation or 
pointing out factors influencing results that should be considered, and 
by supplying the impetus and encouragement (aften referred to as social 
support) necessary to bring about the implementation of ideas and to 
accelerate work. In regard to the second major function, although 
there is no uniform pattern for breaking the knowledge-application 
barrier, there is general agreement that the transmission and “trans- 
lation” necessary to adapt scientific and technical knowledge for applica- 
tion is basically a “people transfer” process, and that report writing 
and document retrieval are not the main issues in this context. 101 

Although numerous studies of information-exchange behavior show 
the significant and diversified role of interpersonal communication in 
scientific and technological work, we still require fuller understanding of 
(a) how this type of communication operates and is affected by the 
characteristics of the persons involved and by the work environment, 
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and (b) how government agencies, societies, industrial management, 
and other groups can increase its effectiveness. The types of studies 
advocated in Recommendation El (in the final section of this chapter) 
can help to advance our knowledge in this area. Increased reliar ce on 
mechanized media of storage and transfer also adds to the difficulty of 
developing farsighted recommendations to ensure the continued effec- 
tiveness of interpersonal communication or to guide its evolution. Be- 
cause of these difficulties, the Committee has formulated only two 
recommendations in this area, both of which suggest measures to facili- 
tate the occurrence of interpersonal interaction. 

RECOMMENDATION D1 

When appointing and advising the groups in charge of arrangements and 
the scheduling of events at scientific and technical meetings, the sponsor- 
ing societies, government agencies, or other organizations responsible 
for the planning of such meetings should emphasize the importance of 
providing adequate time and facilities for personal encounters. 

In the case of international meetings, these aspects received attention 
in the recent studies and deliberations of the nas Committee on the 
Quality and Organization of International Scientific Meetings, and 
figured specifically in the recommendations of this group. Additionally, 
this Committee pointed out the effectiveness with which U.S. attendants 
at international meetings widely and informally reported the highlights of 
such gatherings to their colleagues on their return. 

The mechanics of informal communication also have been studied 
recently in other contexts, and suggestions for stimulating and enhancing 
this type of interaction offered; the study conducted by the .American 
Institute of Research T * and stimulated by cosati provides an example. 
We believe that one aspect of interpersonal communication that can be 
significantly influenced by organizational policies is the development of 
close personal contacts between workers in different organizations. Such 
relationships lead to the transfer of information through encounters at 
meetings and through correspondence and preprint exchange. Addi- 
tionally, workers who have developed good interactive information- 
exchange relationships typically contribute much to one another’s efforts. 

RECOMMENDATION D2 

Employers of scientists and technologists — universities, industrial and 
government laboratories, and others — should provide systematic oppor- 
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tunities, through leave and exchange arrangements, for long-term or 
summer visits to other institutions by staff members likely to benefit 
from them and, in turn, should welcome such visitors from other institu- 
tions. There should be general acceptance of this responsibility. In addi- 
tion, the funding of fellowship programs should take into account the 
need for the continued generation of new contacts by mature profes- 
sionals as well as younger ones. Special attention should be given to 
the needs of workers in small or out-of-the-way tin titut ions. 

i * 

Sabbaticals, fellowship programs, summer jobs, small week-long confer- 
ences, and other such opporiunities foster the development of close 
professional associations and thus help to strengthen and extend the in- 
formal information-transfer network. 

The two recommendations included in this section obviously only 
scratch the surface of the important field of personal informal com- 
munication. The studies advocated in Recommendation El in the fol- 
lowing section probably will point to major and long-range changes in 
the organization of research and development in our nation. Therefore, 
those charged with the responsibility for the management of research 
and development, and with formulation of policies relating to the acquisi- 
tion of information during the conduct of work, should maintain aware- 
ness of the findings and implications of such studies of information- 
exchange behavior and experiment with the implementation of those 
results that are appropriate to their particular circumstances. 



E. STUDIES, RESEARCH, AND EXPERIMENTS 

Judgments, often of a quantitative nature, about the influence of various 
factors or innovations on the effectiveness of scientific and technical 
communication will determine and guide the implementation of the 
recommendations in our report. Estimates of the cost-effectiveness of 
existing communication media and of possible changes in them will be 
crucial; therefore, it is essential that a much more serious effort be 
made in the future to analyze and understand the operation of the entire 
network of scientific and technical communication. The network aspects 
deserve special emphasis; early and intermediate links and cross-links 
are as important as the final links that ultimately deliver information to 
a user (Chapter 6, Section E). 

Past analyses of scientific and technical communication, generally re- 
ferred to as user studies (Chapter 4, Section B), now number well into 
the hundreds. Though they have been conducted in a variety of 
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disciplines and work settings, the different methods, sampling tech- 
niques, and analyses employed limit the generality and usefulness of their 
findings. As a consequence, there is need for better coordinated, more 
clearly focused work to provide badly needed data and answers to many 
vital questions. 

RECOMMENDATION El 

Under the over-all guidance of the proposed Commission and of 
cosati, appropriate organizations should initiate and carry out com- 
prehensive aralyses of and experiments on the functioning of the differ- 
ent parts of the network of scientific and technical communication as 
weli as of the network as a whole. It should be a long-term policy to 
provide adequate funds for such studies, and scientists, engineers, prac- 
titioners, and — as warranted by the subject of the study — commercial 
entrepreneurs of abundant experience and Imaginative Insight should 
always be active participants. 

Among the appropriate organizations to undertake the recommended 
studies are the ma}er scientific and technical societies, the nsp’s Office 
of Science Information Service, governmental agencies engaged in the 
operation of large information services, and commercial publishing 
houses. To be meaningful, these studies will have to deed realistically 
with many elusive or complicated factors — for example, inertia in be- 
havior patterns and its effect on the acceptance of new services or the 
interrelationship of various communication media. The significance of 
such factors can be properly assessed only by persons with working ex- 
perience in the fields studied. 

Studies op Cost and Value 

Particularly important among the recommended studies will be those 
addressed to factors of cost and value. The difficulty of developing 
quantitative measures of the value of information services, as ilhutrated 
by the prevalence of such terms as "user satisfaction” or "document 
relevance to a request," suggests the need for greater ingenuity and more- 
systematic procedures in the conduct of such studies. Needed measutes 
must include not only the value of different types of information but also 
the value of the time devoted to actively seeking information and of the 
waiting or lag time before it is received — that is, the "response time” 
of an information service. It situations in which a free market exists, 
the price the user is willing to pay for different information services 
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provides a measure of such factors; however, this measure must be 
viewed with caution until the behavior of users, especially so-called 
“in a rut” behavior, is better understood. Collections of offhand opinions 
of scientists and technologists about the information services they think 
they want have little utility; often such opinions call for an exhaustive 
service when a less comprehensive but more reasonably priced one 
would be more valuable, or for an exceedingly fast service when a 
slower but cheaper one would be a better buy. 

RECOMMENDATION E2 

Among the principal objectives of the previously recommended studies 
(Recommendation El) should be the development of measures of value 
for information sendees that embody various combinations of accuracy, 
completeness, discrimination, timeliness, and similar factors. Where ap- 
propriate, these studies should include experiments on user response 
to nov services (see also Recommendation E4). The facility of pro- 
viding additional or specialized Information services at appropriately 
scaled prices should retvlve particular attention. 

Such studies v‘ll provide a better foundation for monitoring the per- 
formance of information programs as advocated in Recommendation 
BI5 (see Section B of this chapter). 

Documents can be transmitted today either electronically or by mail 
over great distances in a relatively short time and at moderate cost. 
This general statement needs to be made explicit and quantitative as a 
basis for decisions on centralized versus decentralized depositories. 
Perhaps nowhere are the issues better exemplified than in the in- 
efficiency of interlibi&ry loan procedures that characterize most libraries. 
For the larger research libraries, the question of whether to collect 
“everything” or to be selective and cooperate with other institutions is 
becoming increasingly critical. Definitive system studies are clearly 
needed and should include all aspects of retrieval, handling time, and 
costs. 

RECOMMENDATION E3 

Studies should be initiated to determine the relative costs of different 
methods of storage and transmission of recorded information, in con- 
junction hith studies of ihe type described in Recommendation E2, 
estimates should be developed for the optimum number and location of 
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depositories with respect to their users so that questions of centralization 
versus decentralization can be clarified. 

Advanced Technologies 

Implicit in Recommendation E3 is a far-reaching study of the role of 
electronic computers in the storage and delivery of information. Such a 
study must deal not only with the optimum combination of input costs, 
storage costs, communication costs, and access costs, but also with 
guidelines to determine what information is electronically stored. In 
addition to storage and transmission, computers may play a vital part in 
access. The most trivial of the human functions traditionally associated 
with information access involve copying, reformaling, and sorting, tasks 
f o which computers are making increasing contributions. Among the 
remaining functions, one to which the computer can contribute most 
readily and effectively is the preparation of indexes, for to be of value, 
the computer need not do the entire indexing task but only reduce sig- 
nificantly the requirement for human effort. In comparing indexes pro- 
duced by a combination of human and computer effort, the emphasis 
should be on effectiveness rather than appearance; the tests of per- 
formance should be whether they lead the user to what he wishes to 
find and how easily and rapidly they do so rather than the degree of 
similarity or dissimilarity to former indexes. 

A number of approaches to machine-aided indexing currently are 
being explored, and a continuing program of comparative evaluation 
involving users of specified backgrounds and skills is necessary to 
measure progress in this field. 

RECOMMENDATION E4 

The comparison of machine-aided indexing with wholly human-prepared 
indexing should receive continuing, active attention. Such comparisons 
should focus primarily on documents retrieved in sample searches, and 
secondarily on acceptability to users. 

Computers also can enhance access to information by operating in a 
question-answering mode, performing logical analyses of the telative 
“distance” or similarity between documents, and sorting out clusters of 
related ones. 

RECOMMENDATION B5 

Continued experimentation in the design and use of effective combina- 
tions of machine and human functions, both in preparing for and con- 
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ducting searches for information, should be supported. Such combina- 
tions very possibly may not involve indexes of any conventional sort. 

More exciting than retrieval of information from a static store is evolu- 
tionary indexing, in which users’ additions, modifications, restructuring, 
and critical commentaries steadily improve the initial indexing of a col- 
lection and not only provide more-efficient access for subsequent users, 
but constitute a significant step in the evaluation and consolidation of 
primary information. If widely and wisely applied, such evolutionary 
indexing could make the judgments of a large number of knowledgeable 
experts available to the authors of reviews. So far, we know of no 
publicly described experiments with evolutionary indexing, though 
Project intrex (see Chapter 5, Section A), in its augmented catalog 
experiment, plans to provide for the utilization of user comments for 
this purpose. This lack may have resulted in part from difficulties with 
motivation of user participants, but the increasing utilization of real-time 
computer systems for such experiments promises both greater motiva- 
tion and the availability of a clearly specified set of facilities and rules. 

RECOMMENDATION E6 

The National Science Foundation should fund one or more experiments In 
which a small, widely used, single-interest-area file is sukfect to es'olu- 
tlonary Indexing by authorized users who are permitted to make addi- 
tions, modify the structure, and Insert critical commentaries. One attrac- 
tive approach is to perform such experiments on a real-time computer 
system. 

The rather extensive and often difficult studies urged in Recommenda- 
tions E4 through E6 in many cases will require experiments with sizable 
populations of scientists, engineers, and practitioners representing users 
of information stores and services. If such experiments are to be produc- 
tive, the user participants must bring Interest and competence to bear on 
these efforts. 

RECOMMENDATION E7 

The scientific and technical societies must use their Information and 
publication programs to familiarize their members with experiments that 
explore the uses of advanced technology as a n-orking tool in the com- 
munication of scientific and technical information, rather than fust in 
support of documentation functions, and must Insist on the participation 
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of scientists, engineers, and practitioners with proven discipline compe- 
tence in guiding and evaluating such experiments. 

In the discussion relevant to Recommendation All (Section A of this 
chapter), we emphasize the importance to scientific and technical com- 
munciation of standardization activities directed toward facilitating inter- 
communication between computer-processible files of diverse origins. 
The variety of structures encountered gives rise to problems that are pre- 
dominantly of a basic conceptual nature rather than problems of equip- 
ment and implementation. An example of a file-structure problem is how 
to organize large collections of bibliographic information for efficient 
on-line search; an example of a data-structure problem is how to repre- 
sent, in a hierarchical computer memory, the structure of chemical com- 
pounds in an economical way that still permits th? use of these data as an 
index to the related chemical literature. These are difficult problems, 
and all too often appalling errors in logical design still creep into schemes 
for the manipulation of large files. What is needed now in this area is 
not so much standardization as Insight. 

RECOMMENDATION E8 

On-going activities directed toward the development and evaluation of 
languages for describing the formats of files as well as of alphanumeric 
and other digital communication are of immediate and key importance to 
scientific and technical communication. Thus, the National Science 
Foundo'ion should cooperate with other federal agencies pursuing active 
programs in this area, especially the Advanced Research Projects 
Agency, to ensure rapid and coordinated progress. In particular, an 
evaluation program for a file-format language should demonstrate com- 
puter conversion from one format to another as soon as possible 
and for an extensive set of samples. 

Once such a language is developed, a description in its terms should 
accompany every file, being the fits* rung available to any human or 
machine system that processes the filv. One can hypothesize future com- 
puter systems that, after interpreting this description in the standard 
format, could then process any given file without ever having encountered 
one of this particular structure previously. 

Any language with the required properties has many of the character- 
istics of a fully developed computer language for text manipulation. The 
generation of such a language is approximately equivalent to writing a 
program that permits the insertion of any new datum into the file in the 
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proper manner or the recovery of any old datum. These are difficult and 
important objectives. 

Another important problem of standardization concerns the closer 
integration of the literature access, search, and appraisal tools developed, 
respectively, by the libraries and the abstracting and indexing services. 

RECOMMENDATION E9 

Several libraries, documentation centers, and abstracting and indexing 
services should be supported by the nsf Office of Science Information 
Service in efforts to develop agreed-upon canonical forms for each 
widely used bibliographic documentary information element. 

It would not be advisable for the Commission to attempt the development 
of some single-standard structures in this context. Instead, it should 
bring about greater coherence in the effort to discover and develop such 
structures. Goser interaction is needed among those people in scientific 
and technical communication who best understand the methods. In the 
final stages of reaching the desired agreement, the mechanism of the 
United States of America Standards Institute (usasi) Committee Z3° on 
Standardization in the Field of Library Work, Documentation, and Re- 
lated Publishing Practices will be needed. 

Laroe-Scalb Experiments 

Many of the recommended studies will require experiments with sci- 
entists, engineers, and practitioners as they perform their regular tasks. 
Some of these experiments will be suitable for funding as small-scale 
research projects in communication, but certain questions will remain 
that only experiments with large populations and large stores of in- 
formation can answer. Large experiments should be undertaken, of 
course, only when a favorable outcome has been suggested by studies of 
smaller scale and when desired by the professional group or society 
representing the scientists ot technologists concerned. But even such a 
desirable experiment may Involve a capital outlay or a financial risk — 
especially where the use of advanced technologies is required— that 
would be excessive for a society as long as the outcome remained un- 
certain. Additionally, coordinated and coherent planning of such ex- 
periments in various areas is essential. Since *hese large-scale experi- 
ments will differ from the smaller ones in that they constitute exploratory 
development as well as research, it is appropriate that they should 
be planned and funded differently. 
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RECOMMENDATION E10 

In addition to funding programs of basic research in scientific and tech - 
nlcal communication, as well as research ond development in this field 
that more directly supports the missions of individual agencies, the 
federal government should establish a single group to plan a unified 
program of critical experiments of operational scale in scientific and 
technical communication and to find, guide, and support contractors in 
the conduct of these experiments. 

Both the initiative and the detailed responsibility for planning and di- 
recting the conduct of this program must be taken by the proposed 
government group. The program must neither exclude nor discriminate 
against for-profit organizations. An agency that is not too narrowly con- 
fined in its involvement in science and technology to a specific mission 
would be preferred for this r ,signment. 

In closing this section o j studies, research, and experiments, we must 
stress that we have sought to identify only the most urgent needs — that 
a continuing flow of work on a wide variety of problems is essential to 
progress. 




CHAPTER 




Primary Communications 



A fundamental article of faith in scientific and technical communication 
Is that research is not complete until the results are made available. But 
Inherent in the phrase "made available" are complex probler s of defini- 
tion and of placement of responsibility. Exactly what constitutes avail- 
ability? Where does the originating scientist’s or technologist’s obligation 
for the achievement of this goal begin and end? How much of the re- 
sponsibility for ensuring availability rests with his laboratory, the sponsor 
of the research beirg reported, appropriate scientific societies, the gov- 
ernment, the scientific community, and others? Who should worry about 
the exact nature and limitations of these sever?! sub-obligations? Who 
should have the responsibility for identifying gaps and areas of overlap, 
and who should ta ce steps to minimize these flaws? Such prob.ems have 
been among satcom's central concerns. 

Among primary communications we include media and procedures 
that typically provide what might be called "first-time-around access” 
to new scientific or teclmological knowledge. Primary communications 
are the kind that say, In effect, "Here it is, come and gel it" rather than 
either "We’ll dig it out for you" or "Don’t call us — we’ll send you what 
you need." Specifically, the forms of communication dealt with in this 
chapter extend from the first informal conversations with laboratory 
colleagues that accompany the conduct of scientific and technical work 
through initial publication in a primary archival journal or its equivalent. 
They compromise a continuum of communication methods rather than 
falling neatly Into tidy, mutually exclusive subclasses. 

The patent literature constitutes a form of primary communication 
of technical information that fails to some extent outside this continuum. 
Because it is an important information source, it should be covered by 
appropriate access mechanisms; however, its operation is dictated largely 
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by requirements other than those strictly serving scientific and technical 
communication. Nor does it reflect the trends characterizing other forms 
of primary communication. For example, the patent literature has not 
shown a steady exponential growth, and it is an ineffectual means of 
measuring technological output (see Reference 75). The submission of 
patent applications in the United States reached i : highest annual rate 
during the depression years of the 1930’s, and only within the past 
few years has the rate again approached that high point. Possible reasons 
are the larger proportion of small corporations then in existence and 
government policies that frequently do not stimulate contractors to 
seek patents for technology developed In connection with government 
projects. Since scientific and technical communication is not the ma.iar 
function of patents, satcom has not attempted to analyze the evolutk'i 
of this body of literature in the V h and detail that typify its considera- 
tion of other forms of primary ... .unication. 

The material discussed in this chapter supplies further background 
and detail for Recommendations C7 through C16 (Chapter 3, Sec- 
tion C), which deal with "Formal Publication,” "Semiformal Publica- 
tion,” and "Meetings,” and those of Section D of Chapter 3 on "Personal 
Informal Communication.” This chapter presents first • broad overview 
of the “Forms and Growth” of primary communications, followed by a 
discussion of their generation and use ("Originators and Users”). The 
succeeding sections deal in greater detail with "Meetings,” "Preprints and 
Technical Reports," "Serials,” and "Translations." 



A. FORMS AND GROWTH 

Traditionally, formal publication in the established literature has been 
the means of making accruing scientific and technical information avail- 
able, and, with necessary modifications resulting from expanding re- 
quirements and new technologies, we expect the basic book and journal 
article to perform this function for the foreseeable future. Various other 
forms of primary communication have developed over the years to 
complement these two, usually in a supporting but occasionally in a 
competing role. Figure 2 outlines the diverse media — including personal 
informal communication and meetings as well as preprints and technical 
reports — utilized by scientists and engineers to report their results. It 
gives some indication of the varied and numerous communication ac- 
tivities employed to diffuse new scientific and technical knowledge from 
the time when it first takes shape in the mind of an investigator to the 
point at which it becomes firmly integrated into the recorded body of 
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information. The component elements of this complex network are 
subtly interrelfted; therefore, judicious balances among them are neces- 
sary to ensure the best and most economical use of reco'.ded information. 

Formal Publication 

Among the major trends of the past few decades which have created 
serious problems for almost every aspect of scientific and technical pub- 
lication are: 

3. Tbe widening difference between the rate at which an active field 
of inquiry advances and that at which any individual scientist can con- 
tribute to this ad vance 

2. The shrinking fraction of the world's scientific and technical litera- 
ture contributed by the present-day industrialized nations 

3. The enormous growth of science and the resulting increase not only 
in the total volume of technical literature but in that portion which need 
not (and probably will not) be read again 

4. The increasingly urgent need for prompt access to information 
about new developments 




FIOURB 1 Media rued for tbe dissemination of infettnatioo from inception of 
work to formal pobikatkxi (see Reference 71 ). 
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5. The continually rising cost to the scientific community of every 
element of the entire scientific-and-technical-communication effort. 

In recent years, factors contributing to these developments have 
been investigated and reinvestigated, analyzed and reanalyzed, in- 
terpreted and reinterpreted, and as a result much is known about the 
trends as such. But much study and testing still are necessary if we are 
to develop effective remedial measures for the many specific publication 
problems that result. 

The greatest single villain in the scientific publication picture prob- 
ably is simply the enormous increase in the magnitude of the scientific 
and technical literature, the so-called “information explosion.” This 
term is used often to describe what observers consider to be a rapid, un- 
controlled, and potentially destructive increase in the growth rate and 
volume of information. Since this information explosion has been used 
to justify many of the proposals for new information systems and services, 
satcom had reason to consider whether there actually is such an 
explosion. 

Statistics on the increases in different forms of communication, such 
as books, journals, and scientific papers, though often piecemeal and not 
always consistent, generally substantiate the existence of great and ac- 
celerating growth. A brief review of some of these statistics gives an in- 
dication of the magnitude of the problem and the probable direction of 
future trends. 

In the biomed'eal field, Orr and Leeds 1,1 have provided statistics 
on the rate of growth and have indicated that production of technical 
biomedical books in the United Stales increased by 38 percent over three 
decades, or roughly one percent per year. Using the collection of mono- 
graphs at the National Library of Medicine to determine the world out- 
put, they concluded that “the world-wide accumulation of biomedical 
books has been doubling about every 32 years. In contrast, during the 
same period, the shelf space occupied by nlm’s book collection has 
doubled every 25 years.” For science and technology as a whole, the 
number of books published per year also seems to have been increasing, 
but slowly. The 1963 Census of Manufactures shows that the annual 
number of scientific and technical books sold from 1958 to 1963 almost 
doubled (from 15.6 million to 29.6 million ccoies). During this same 
period, medical-book sales increased from 2.4 million to 4.1 million 
copies per annum.*' Though the number of books published is quantita- 
tively different from the number of titles published, data of both types 
give evidence of growth, and estimates made by staff members of the 
Library of Congress in discussions with satcom indicate that the 
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Library’s holdings in the category of scientific and technical monographs 
and books number well over 2 million monograph and technical report 
titles. 

The volum& of book publication in recent years has received a sub- 
stantial boost from the subcategory of conference proceedings. The seem- 
ingly common belief that every scientific conference must be followed 
by publication of a proceedings probably should be examined critically, 
and scientific societies appear to be the logical groups to make such a 
study. Criteria such as those applied by the Natio. al Science Founda- 
tion’s Office of Science Information Service (osis) to support of the 
publication of proceedings volumes deserve consideration. The osis 
position is that: (a) Occurrence of a conference is not in itself sufficient 
reason for a proceedings; (b) the content of any such volume should be 
scientifically significant aside from a conference connection; and (c) 
other things being equal, it probably is better for individual papers to 
be submitted to appropriate journals where they will be refereed in the 
same way as nonconference articles. In regard to the latter point, satcom 
has noticed a tendency in a number of societies and conference groups to 
publish their proceedings in regular or special issues of a standard 
journal, with the customary refereeing exercised by such publications. 

The increase in the number of scientific and technical journals and 
their associated articles is difficult to determine with any degree of 
certainty. Recent estimates of current titles range from 26,000 to 50,000. 
The lower estimate represents the number of currently available serials 
received by the National Lending Library for Science and Technology 
in England, a library that attempts to acquire every such serial. 1 * 
Recent work on the National Serials Data Project of the Library of 
Congress indicates that there are about 400,000 to 600,000 different 
serial titles in all fields of scholarly endeavor, with no reliable estimate 
yet of the fraction of titles that are still alive. Since there is no firm 
basis for determining how many titles classed as serials are issued more 
than once a year and are truly what we commonly call periodicals, these 
estimates must be further qualified. 

Gottschalk and Desmond Ia used foreign national library lists and 
Library of Congress records as guides and decided that 35,000± 10% 
was a reasonable figure for the total number of currently published 
titles. They did not estimate an over-all growth rate, but noted that, 
although the library definition of a periodical includes a plan to con- 
tinue publication indefinitely, many titles do cease publication. They 
found mortality rates varying from 33 percent over a period of 50 years 
in radioactivity to 66 percent over a period of 60 years in aeronautics 
and space sciences. A sampling from the Library of Congress Serial 
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Record showed that 40 percent of the titles had ceased publication. 
The authors concluded that individual specialties might show rapid 
growth, but that “Phenomenal growth in serial titles from year to year 
assumed in most estimates cannot be supported.” 

Price 1,1 has assembled data showing an increase in the number of 
scientific journals from about ten in the late 1600’s to about 100 at the 
beginning of the nineteenth century, and some 10,000 by 1900, and he 
also reports that examination of the World List of Scientific Periodicals 
indicates that we are now well on the way to the 100,000 mark. These 
data show a remarkably constant doubling time of 15 years, now main- 
tained for nearly three centuries. Further, Price shows that the law of 
exponential increase also characterizes the number of scientific papers 
appearing in journals in physics. Another recent study” indicates a 
general increase in the number of papers per journal in all fields of 
science and technology. One example given was that the core journals 
covered by Physics Abstracts had grown 13 percent in volume in three 
years. Moreover, the individual papers in these journals, although main- 
taining their same average length because of editorial pressure, were 
covering more material. Such data emphasize the problems faced not 
only by abstracting and indexing services but by the reviewer as well. 

Data from individual scientific and mimical societies illustrate the 
greatly expanded volume of primary publication. The American Institute 
of Physics (aip), for example, reports that the number of pages it pub- 
lished each year increased from about 8,000 in 1910 to 54,000 in 1966, 
a growth of 575 percent over a period of 27 years. 103 Th~ Institute of 
Electrical and Electronics Engineers (ieee) reports that its volume of 
primary publication has increased from 3,000 editorial pages in three 
journals in 1946 to over 30,000 pages in 42 journals in 1966, a tenfold 
increase in 21 years. 01 And a survey of 18 engineering societies shows 
the following increases in number of pages published in three types of 
primary publications: (a) proceedings, 1,000 pages in 1946 to 26,700 
pages in 1966, a 2,500 percent increase; (b) transactions, 11,800 pages 
in 1946 to 62,000 pages in 1966, a 420 percent increase; and (c) peri- 
odicals, 4,400 pages in 1946 to 10,000 pages in 1966, a 125 percent 
increase. 14 * As a final example, the Federation of American Societies for 
Experimental Biology has witnessed an increase from 2,200 to 3,100 
papers at its annual meetings between 1958 and 1968.” 

When queried about the growth in volume and variety of the scientific 
and technical literature, most technical librarians are quick to point out 
that they do not know the figures, but they do know that last year’s 
journals took up more room than the previous year’s journals. For the 
research library, there is really no way to avoid an increase in size of 



i 




92 SCIENTIFIC AND TECHNICAL COMMUNICATION 



coverage if it still wishes to maintain the scope of coverage desired by 
its users. Such libraries seem to double their collections every 18 to 
20 years. 

Licklider 110 has said, “Only in high hyperbole does a thing ‘explode’ 
that takes 10 to 15 years to double its volume.” He suggests instead the 
analogy to a flood, in which the rise is gradual, hitting first one area and 
then another — not all simultaneously — and in which the overflow may be 
sudden and dramatic. With all forms of scientific and technical literature 
showing increases over time, both institutions and individuals using 
such information must expect increasing difficulty in finding, obtaining, 
and assimilating it. The prospect of a university library collection’s 
doubling from three million to six million volumes in the next 15 years, 
vrith a concurrent trebling of cost, is an outlook that suggests the an- 
ticipation of change and of some planning for it. 00 For the individual 
user, either gradual concentration on a narrower specialty or greater 
reliance on access aids to the literature, or probably a combination of 
both, will be needed. As Sarett UT has pointed out, assuming that a 
scientist could read technical material at a rate 'f 200 to 300 words per 
minute, “. . . if all publications were to stop and a man were to try to 
catch up with a single year’s output alone, reading 24 hours a day, 7 days 
a week, it would take him 50 years.” Herring 87 (see also Chapter 6, 
Section A) graphically describes the diU tma facing the individual 
scientist as the width of the domain of knowledge with which he can 
keep abreast narrows and, at the same time, the amount of information 
relevant to his work increases. Clearly, the flood of information raises 
serious problems, especially in some fields, and taxes the ability of cur- 
rent means of coping with it. 

Other Modes of Primary Communication 

Historically, informal and semiformal communications, such as personal 
contacts and letters as well as memoranda and reports with limited dis- 
tribution, have been the forerunners of formal publication. Their co- 
existence with scientific journals is established firmly in the traditions of 
scientific and technical communication, and so, too, are the manifold 
interdependencies that tie them together. 

In comparison with formal media, such semiformal ones as pre- 
prints, technical reports, or information exchange memoranda offer 
greater speed, greater flexibility in adapting communications to context, 
and the increased possibility of including speculation, accounts of failures, 
and procedural details. They have prc A of particular value in serving 
the needs of emerging scientific disciplines during their awkward “inter- 
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disciplinary” years. The number of items carried by the major govern- 
ment services for access to technical reports provides a rough measure 
of the volume of this semiformal literatuie. Jn 1967, the Technical 
Abstracts Bulletin (tab) of the Defense Documentation Center re- 
ported 47,000 items; VS. Government Research and Development Re- 
ports, 45,000 items; and Scientific and Technical Aerospace Reports 
(star), 31,000 items. Since sizable overlaps exist among these service \ 
these figures are not additive. Figures on growth rate are even more tenta- 
tive, for the various services are still in the process of enhancing the com- 
pleteness of their coverage. Thus, tab reported 32,000 items in 1963 
as compared with 47,000 in 1967, an increase of 44 percent in five years. 
Section D of this chapter discusses more fully the growth of such forms 
of communication. 

Documented primary communications appear to be evolving in the 
direction of three ever more clearly differentiated classes that function in 
complementary fashion: 

1. Formal literature, traditionally refereed, edited, and given biblio- 
graphic services for archival and access purposes 

2. Semiformal publications, such as technical reports, which typically 
should carry reasonable bibliographic controls, but usually should not 
be subjected to formal refereeing or editorial review 

3. Rapid early announcement publications, refereed on a go/no-go 
basis and given the barest minimum of bibliographic control 

The danger that semiformal media will undercut formal publications 
is a serious one (see Section D of this chapter) which must be minimized 
by keeping down the automatic circulation of the former. Such control 
also will keep down costs. In addition to a strictly limited primary 
distribution, there should be arrangements to provide an early announce- 
ment secondary service and reprographic copies on demand and at cost. 
Moreover, since a substantial fraction of the semiformal material prob- 
ably will find its way ultimately into the formal literature, it is necessary 
to identify those semiformal publications that have been superseded. 
These considerations resulted in recommendations advocating proper 
bibliographic control for semiformal documents (Recommendations Cl 4 
and C15), 

In a qualitative sense, we know that personal informal exchanges 
play a major role in the transfer of scientific and technical information. 
The increasing number of invisible colleges, the steadily growing 
tendency toward collaborative and team research, and the current 
emphasis on conferences, meetings, interinstitutional visits, and other 
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occasions that facilitate informal interaction are evidence of both 
general awareness of the role of informal communication and increasing 
dependence on it. Such emphasis and dependence have resulted in 
numerous studies to determine the characteristics, content, and functions 
of interpersonal communication and the reasons that it predominates as 
first resort when information is needed. The goals of such efforts typically 
are to discover those functions that could be better performed by more 
formal media, if appropriately modified, and to enhance the effectiveness 
of informal communication in the performance of certain functions 
that are peculiarly its own. 

Accurate, quantitative comparison of the effectiveness of the very 
informal interpersonal techniques of communication — informal con- 
versations in the laboratory or at lunch, personal telephone calls and 
correspondence, casual get-togethers at meetings of various kinds, un- 
planned parleys on airplanes and in airports, and the like — with that of 
other communication methods would be difficult to achieve, for it would 
require a precisely defined unit of information or knowledge that in- 
corporated some kind of index of significance. Additionally, attempts to 
collect the necessary data probably would interfere to some extent with 
the informality of the procedure, thus affecting the phenomenon being 
measured. However, the qualitative evidence makes it very clear that a 
substantial portion of initial, day-to-day communication about de- 
velopments and discoveries in science and technology occurs in this 
manner. 

Several attributes of informal communication have led to heavy re- 
liance on it as a major source of information. One such characteristic is 
timeliness. The claim is sometimes made that for leaders in a field refer- 
ence to formal information sources is virtually unnecessary, and that the 
content of the more formal media is largely “stale bread.” A Russian 
scientist recently commented on the “invisible collectives” for the 
exchange of information and stated: 

Our scientific workers, as a rule, do not er.ter into these invisible international 
collectives. The foreign scientist who participates in such a collective becomes 
acquainted with new ideas during the process of their formation long before they 
will be published. . . . Some publications turn out to be difficult to understand 
because we are not acquainted with all the long discussion which precedeo them . 15 

Further study probably will show that, at least in some fields, exclusive 
dependence on informal communication is not sufficient to provide 
an adequate level of current awareness. For example, a physicist who, 
for a year, substituted dependence on the grapevine for browsing through 
the current literature reported (after checking back to see what he had 
missed): “Out of the few hundred articles whose titles were of most 
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interest to me, a sizable majority had not come to my attention through 
any other channel during the year or two subsequent to their appear- 
ance/* » 7 

The interactive nature of interpersonal communication is another im- 
portant characteristic; seldom are any of the techniques employed con- 
fined to one-way communication traffic. Consequently, it is the principal 
source of the feedback so highly valued by scientists and technologists. 
When scientist A discusses his research with colleague B in the company 
cafeteria or with scientist C on the telephone or with confreres D, E, 
and F in a hotel lobby between formal sessions of a meeting, he in- 
variably obtains immediate reactions to which he in turn reacts. When 
he sends another scientist the draft of a paper he plans to publish, he 
typically solicits criticism, which probably will be forthcoming whether 
he asks for it or not, and which enables him to test ideas and shape in- 
formation before it finds its way into more formal media, 

Further, informal communication is user-directed; the decision on 
what, when, and to whom to comi tunicate rests almost entirely with the 
scientist who solicits or volunteers ^formation. And t v user-directed- 
ness greatly enhances the intelligibility of that which is communicated. 
For example, Coleman et al. 41 point out that, although the medical 
practitioner relies to some extent on compendia, digest magazines, and 
other shortcut methods, he also depends very heavily on the advice of 
either colleagues or detail men, and on word-of-mouth information. Fre- 
quently, he is seeing a recommended course of action, a weighing of 
alternatives, and needs someone to extract action implications from the 
theoretical language of research reports. In industry, too, this translation 
function plays an important role. Allen 4 has described a “boundary 
impedance*’ which exists between organizations, partly as a result of 
their adoption of what amounts to their own coding systems in order to 
cut down on “noise** and increase the efficiency of their operations. 
Consequently, certain individuals, in a more or less unplanned manner, 
have come to act as bridges or gatekeepers, translating and channeling 
information to those for whom it appears appropriate and Unking mem- 
bers of one organization with those of other or different (i.e., academic, 
governmental) organizaUons. Another important consequence of user- 
directedness is the frequent fulfillment of an unrecognized, unvoiced in- 
formation need — the provision of information that proves valuable to a 
user though he had not specifically looked for it, either because he did 
not realize that it existed or did not perceive its utility for his purpose. 

A fourth important attribute accounting for the prevalence of in- 
formal communication is that these interpersonal channels typicaUy carry 
ancillary information and, in effect, complement the operation of the 
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more formal ones. One type of information very often transmitted by 
informal interpersonal interaction pertains to methodology and hard- 
ware, the kind of “how to” information which often does not find its 
way into the literature or, when it does, is not sufficiently detailed to be 
meaningful. Negative results and details of preliminary or on-going 
work also are conveyed most often through informal interaction rather 
than more formal outlets. Additionally, much informal communication 
relates to the more formal literature, either providing leads to useful 
published sources of relevant information or filling in the details lacking 
in a published report of work. A detailed breakdown on the types of 
content typically encountered in ^ral informal channels appears in a 
recent study stimulated by cosati . 73 

Last but not least of the characteristics that underlie the predominance 
of informal interpersonal channels as information sources is the rela- 
tively small expenditure of effort and time that they typically involve. 
Allen and Gerstberger 5 have assembled evidence in a series of studies 
which indicates that: “Engineers, in selecting among information chan- 
nels, act in a manner which is intended not to maximize gain, but rather 
to minimize loss. The loss to be minimized is the cost in terms of 
effort . . . which must be expended to gain access to an information 
channel.” They conclude that accessibility is the single most important 
determinant of the over-all extent of a channel's use, and that, though 
technical quality is usually recognized, its consideration is delayed until 
after a channel has been selected, a situation which they label “an 
appallingly inefficient way of doing things. . . However, other data 
suggest that, in addition to being readily accessible, informal channels 
are prompt and relatively efficient. For example, in summarizing studies 
conducted in the Department of Defense (dod), Carlson 8e reported that 
70 percent of the first attempts to locate information needed for research- 
and-development work were informal in nature, and that the engineers 
who went first to informal sources received u higher proportion of the 
information that they needed, within the time limits imposed by their 
tasks, than did those who went first to formal sources. 

These characteristics of informal communication all play their parts 
in enhancing its effectiveness in the performance of two principal func- 
tions: fostering the progress of research and facilitating the application 
ot knowledge. With regard to the first of these functions, informal com- 
munication is a very frequent source of ideas and of approaches to 
problems. According to one estimate, 

. . . of the communication that is used by each researcher as an inspiration and 
as a data flow that makes his cwn work possible . . . some 80 percent . . . 
comes to him from other researchers at a stage before formal communication 
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and through the informal channels of the grapevine, the conference, the seminar, 
the preprint, and the other tentacles of what we now call the Invisible College . 144 

A number of studies, though not suggesting so high a percentage, 
demonstrate the prominent role of interpersonal interaction in gen- 
erating hypotheses or pointing out alternative interpretations to be 
explored, which, in turn, lead to a new projects and new directions of 
research effort. Further, informal interpersonal interaction is the princi- 
pal source of the encouragement or social support so necessary to 
convert ideas into action. Colleagues and peer groups not only evaluate 
completed work, they determine in large measure which ideas are acted 
upon end which studies actually are performed, through their interest 
and their assurance that what is planned is of potential value in a field. 
Additionally, and most clearly documented in the many studies of the 
ways in which informal communication stimulates and fosters research 
effort, is the provision of information needed to solve the various prob- 
lems occurring in the course of work. Pelz, 142 for example, has shown 
that frequent interaction with numerous colleagues, especially those who 
differ in technical strategies and afford intellectual competition in arriving 
at the best solutions to problems, greatly improves performance. He 
recommends that supervisors encourage consultation outside the im- 
mediate work team, establish evaluation groups to review the work of 
various teams, and regroup work teams periodically. 

In a current review of studies of information needs and uses, 1 * 8 
the author suggests that many of the recent investigations of informal 
communication in industrial and government laboratories have implica- 
tions for organizational policy makers, and he anticipates increased ex- 
perimentation with such policies as those governing long-distance tele- 
phone calls travel, and the attachment of technical staff members to 
research teams as “information men.” 

The second principal function of informal communication relates to 
the knowledge-application interface. To be applied, scientific or tech- 
nical knowledge must be adapted to the “applier ” At the present time, 
this transmission-translation function typically is accomplished verbally. 
Thus Kimball 101 suggests that science-and-technology transfer and use 
should be dealt with as a “people transfer” process and that the problem 
of document retrieval is not the main issue in this context. To date, there 
is no uniform pattern for crossing the knowledge-application inter- 
face, but on two points there is consensus: that report writing alone 
does not do the job, and that one of the most effective procedures is 
to arrange for research-and-development personnel to work side by side 
with, and to interact with, operational and production personnel at 
various stages throughout the course of work. 181 Evidence for the latter 
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point is found in dod studies of the factors involved in the generation and 
use of significant developments contributing to specific dod systems; the 
investigators 10 found that in nearly all instances the developers of par- 
ticular pieces of technology remained closely associated with the 
eventual implementation of their concepts, Additionally, subsequent 
studies showed that some three fourths of the inputs that advanced the 
work of the projects under study were personal communications during 
the development and production-engineering stages, and that much of the 
information input resulted from on-the-job experimentation in the solu- 
tion of problems.” 

Recognition of the importance of personal communication in the 
transfer and application of science and technology has resulted in at- 
tempts in both industry and government-sponsored projects to foster 
employee mobility. Such efforts probably have played a large part in 
reducing the median time between discovery and application from some 
30 years in the 1920’s to about ten years in the 1960’s. Yet such lag 
still is too great in an era of rapid change and accelerating technological 
development. 

Employee mobility takes two principal forms: vertical — upward in a 
company through promotions; and horizontal — movement of persons 
between component divisions or laboratories of the same company or 
between companies. In regard to vertical mobility, the trend since the 
turn of the century ha^ been clearly in the direction of bringing scientific 
and technically trainee’ personnel into the front office. For example, in 
1900, only 7 percent of industrial management in this country was 
composed of technically trained personnel; by 1950, the proportion had 
increased to 20 percent; in 1968, it was 36 percent; and a figure of 
50 percent has been projected for 1980. The effect of this tendency 
toward moving scientists and engineers into positions of greater manage- 
ment responsibility has been interpreted as that of increasing receptivity 
to the use of technologically advanced methods and procedures. 75 

Probably of even greater importance in the transfer and application of 
science and technology is horizontal mobility of employees between com- 
ponents of the same company or between companies. Such movement 
currently is fostered by the policies of many industrial organizations. 
For example. General Electric has experimented with the practice of 
having newly employed professional personnel from the Materials and 
Processes Laboratory assigned to the Research Laboratory for a time 
in order to broaden their outlook by having them work with the research 
group an! become acquainted with projects and facilities. 161 A number 
of government organizations have taken a variety of steps to expedite 
the spread and utilization of technology. One example, sponsored by 
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nasa’s Office of Technology Utilization, is the formation of biomedical 
application teams which contact groups doing research in biology and 
medicine and help to identify problems or phases of work that might 
benefit from the application of aerospace technology. 

Though the personal communication aspects of the application of 
scientific and technical knowledge have been recognized and efforts have 
been directed toward enhancing the effectiveness of this people-trans- 
mission process, a major difficulty is that too many scientists and tech- 
nologists make poor trausfer agents. Their education and experience fre- 
quently do not equip them to deal effectively with the major economic 
factors that influence application. These mediating agents or catalysts 
need to possess a broad scientific or technical background as well as 
knowledge of the operation of commercial pressures and constraints so 
that they can adapt technological capabilities in feasible and appropriate 
ways to user problems and opportunities. Currently, the acquisition of 
such commercial experience usually tabes place gradually while scientists 
and technologists are employed in industrial settings; however, the de- 
velopment of special training programs that would enable more scientists 
and technologists — both students and those already professionally ac- 
tive — to acquire commercial and public purpose awareness could assist 
them in becoming more effective transmitters of science and technology. 

And there is need also for further study (a) to discover how best to 
combine such techniques as the exchange of software, demonstrations, 
lectures, and movement of personnel and (b) to determine those phases 
of the entire development-production-marketing process in which the 
interaction of personnel representing different aspects of work is most 
fruitful. Such studies as those advocated in Recommendation El 
(Chapter 3, Section E) could teach us things about this field that would 
point to profound and long-range changes in the organization of research 
and development in our society. For example, one might ask: What is 
the optimum distribution of sizes for research-and-development or- 
ganizations? While the answer to this question depends considerably oa 
the factors determining the sizes of the educational, industrial, or other 
enterprises to which research-and-development groups often are attached, 
it also depends on the relation of the efficiency of the latter groups to 
their sizes. Here, interpersonal relationships can be of major impoitance. 
The results of such studies could provide guidelines for developing poli- 
cies that would accelerate the transfer and application of new knowledge. 
One such effort is a recently initiated project of the National Academy 
of Engineering, 22 involving six universities, which has the objective of 
discovering improved ways of using modern technological develop- 
ments to enhance biomedical research and health care. Each university 



0 




100 SCIENTIFIC AND TECHNICAL COMMUNICATION 



will endeavor to devise better ways of relating university activities in 
engineering to efforts in such fields as biology, medicine, and manage- 
ment science, with the goal of accelerating the development of new 
instruments, artificial organs, new devices for therapy and diagnosis, and 
other medical tools, 

Although satcom has not attempted to crystallize into specific recom- 
mendations the implications of the numerous and varied stup es dealing 
with informal interpersonal communication, the Committee has dealt in 
its recommendations with mechanisms and policies which can help to 
nurture and strengthen the informal communication network. Our 
Recommendations Cl 1, Dl, D2, and El (see Chapter 3, Sections C, D, 
and E) arc addressed to these ends. 

Scientific meetings constitute an important coupling mechanism 
between truly personal and more formal modes of communication. The 
maintenance of their effectiveness in this role within the changing pat- 
terns of scientific and technical communication deserves particular atten- 
tion. Presumably no one would argue that large conventions should be 
staged solely to provide attendants with opportunities to talk informally 
between sessions; yet, the suggestion, occasionally voiced, that most 
large scientific meetings should be eliminated altogether and replaced by 
numerous small working-group meetings ignores the fact that a major 
conference, in addition to fulfilling its own over-all function, is a par- 
ticularly economical and effective mechanism for bringing together small 
groups having like interests. For the other aspect of communication 
through meetings, dissemination via the formal sessions, the nature 
and organization of such sessions clearly play a role of vital significance. 
Section C of this chapter deals in more detail with studies of the effective- 
ness of informal interaction and presentations at meetings in a number 
of disciplines. 

The principal criticism of meetings has focused on two charges: that 
their continuing growth in size and number is unwarranted, and that 
their purposes too frequently seem to be ill-defined. Since meetings 
play a major part in the advancement of science and technology, it 
is of vital importance that greater effort be directed toward match- 
ing their effectiveness and efficiency to contemporary requirements. 
Such is the purpose of our more detailed review of this topic in Section C 
of this chapter and of our Recommendation C16 (Chapter 3) . 




B. ORIGINATORS AND USERS 

The originators and users of scientific and technical information are 
largely the same individuals, for almost everyone who generates scientific 
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and technical information also makes use of it, while, in their turn, many 
users are originators of scientific and technical communications. Wo 
consider them separately simply because sharply differing interests are 
involved in these two aspects of scientists’ and technologists’ concern 
with communication, even though communicators and receivers of in- 
formation frequently are the same people. 

Originators 

Ideally, the technical paper serves the purpose of reporting significant 
research results for the advancement of human knowledge and the 
betterment of mankind. Were this its only purpose, publication should 
be assured and provided completely at public expense. In the real world, 
the situation is not this simple; other reasons include arbitrary external 
requirements, professional advancement, kudos of various kinds, and 
money. Most such motives are not inherently bad, but all can detract 
from the effectiveness of the over-all communication system if applied 
capriciously or without restraint. A brief indication of some of these 
not wholly communicational roles shows the mix of motives which fuels 
scientific and technical publication. For example, individuals write 
papers to: 

1. Maintain or enhance their professional status and recognition in a 
particular field or within an organization 

2. Develop a better r6sum6 and list of publications in order to estab- 
lish a better bargaining position for salary reviews or job interviews 

3. Conform to the traditions of science by making their work avail- 
able upon completion for the judgment of their peers and colleagues 

4. Obtain the satisfaction of seeing their work in print 

5. Facilitate new contacts with others doing similar work 

Research organizations also have a number of motives for sponsoring 
the writing of papers by their staffs; for example, to: 

1. Establish or maintain, for purposes of recruiting, sales, or project 
support, a public image of their organization as a place where most of 
the work, or the most interesting work, in a field is taking place 

2. Obtain a measure of the productivity and quality of the efforts of 
the professional staff 

3. Develop better staff biographies to enhance sales proposals or 
satisfy necessary accreditation procedures 

4. Advertise particular products or services 
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5. Reinforce patent protection and obtain royalties or revenues from 
publication sales 

Further, professional organizations and societies encourage the writing 
of papers by their members for such reasons as: 

1 . Improving the profession and its skills 

2. Sustaining their programs of services to members, such as publica- 
tions and conventions 

3. Maintaining their status as active organizations and thus encourag- 
ing increased membership 

Finally, there are the commercial publishers, whose efforts necessarily 
are guided more by profit than by enhancing the effective flow of sci- 
entific and technical information. They compete with scientific and tech- 
nical society publications in fields of broad appeal, thus adding to the 
volume of communications in such fields, but leave to the societies the 
coverage of areas that interest relatively smaller groups of readers or 
those less involved in industry and applications. 

At times, scientific and technical societies also yield to market pres- 
sures and opportunities to the detriment of the effective flow of informa- 
tion. As a result of tight budgets, editors may hold papers and allow a 
backlog to develop rather than suggest to authors that they publish 
elsewhere in order to obtain faster service. Further, some societies re- 
quire papers presented at their conventions to be published in their 
journals (or editors reserve at least a right of first refusal). Such a 
restriction takes from the author the option of placing the article in a 
journal which might permit earlier publication or wider dissemination. 

These various motives dilute the primary purpose of scientific and 
technical publication and produce a complex structure of producer 
interests and equities, the strengths and inadequacies of which require 
much clearer understanding (Recommendation C7). For example, 
though it is possible to differentiate clearly between technical paper and 
technical patent, the sociological forces which resulted in the institution 
of the tatter also affect the former, just as the patent fulfills a number of 
the same information purposes that the paper does. Such overlaps, 
constraints, and pressures must be recognized and considered in planning 
for more-effective scientific and technical communication. 

Users 

The determination of scientists* and technologists* habits in the use of 
scientific and technical information and the reliable identification of their 
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information needs present difficult and challenging problems. How they 
ray they obtain information and what they say they do or do not 
want obviously cannot be ignored; however, it is equally clear that such 
expressions arc not always reliable. For example, when one circulates a 
list of journal titles on which some nonexistent publications have been in- 
cluded and asks scientists to indicate those which they read regularly, 
an appreciable number of respondents invariably will check one or more 
of the mythical periodicals. Additionally, scientists’ opinions on what 
information services they would like to have necessarily are formed 
largely in the context of what is familiar to them. They might respond 
differently in some framework other than their present one— or in the 
light of broader knowledge about potential services. 

Another aspect of the operation of the communication network which 
we need to understand more fully is the sluggishness with which indi- 
vidual working habits respond to new opportunities or challenges. There 
Is evidence that not only individuals but whole blocs of scientists or 
technologists often will get into a rut and for years fail to take advantage 
of information tools that could help their work significantly. Allen 4 has 
found with some consistency that the channels used with the greatest 
frequency are not the ones providing the greatest number of acceptable 
responses. Further, Parker '»• suggests that much seemingly unproduc- 
tive, "low payoff" communication behavior fulfills the functions of 
morale building or channel maintenance. A better understanding of these 
aspects of communication behavior is necessary before we can effectively 
design and promote the use of new communication techniques and media. 

The application of external testing techniques to the determination of 
the information habits of scientists and technologists is complicated by 
the likelihood that the experiment itself may distort the phenomenon 
under study, a situation further aggravated by the aforementioned un- 
reliability of user reports and user adherence to firmly entrenched pat- 
terns of behavior. On the other hand, experiments in which the testing 
does not directly Involve the subject— so-called "unobtrusive measure- 
ment" — are difficult to devise.* A number of measuring techniques have 
been tried in this area with varying degrees of success and are now 
being modified and combined with one another to meet more effectively 
the problems inherent in assessing user behavior. Such techniques 
have been described in detail and appraised in recent reviews (e g., In 

* Funkhouser " mentions the folk) win* two nontechnical illustrations of the 
unobtrusive measurement technique: (a) tanging roughly the sire of a total TV 
audience by measuring the drop in city water pressure during commercials; and 
(b) placement of radio advertising by an automobile dealer on the basis of bis 
records of stations to whkh radios are tuned in cars brought in for service. 
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those by Menzel 1,4 and by Parker and Paisley 141 ). Briefly, they include 
questionnaires; diaries; records made by a trained observer who “pops 
in” and checks information activities in a particular setting at random 
intervals; analyses of records, such as library withdrawal lists or de- 
mands made on an information center; citation studies; interviews; 
sociometric analyses; and the "controlled experiment” types of studies. 
A method employed by Halbert and Ackoff ** to circumvent the omissions 
and exeggerutions of the diary and the neglect of out-of-working-hours 
acquisition of information that characterizes the participant-observer 
technique was to have each participating scientist or engineer carry a 
specially designed alarm watch during all his waking hours. The alarm 
was set to go off at random intervals and, when it did so, the wearer noted 
whether his activity was related to scientific and technical communica- 
tion. If it was, he described it more fully. Another variation on the diary 
approach Is the so-called solution development record, 4 a record of the 
approaches klenlified, selected, and rejected throughout the progress of 
a team’s work toward the solution of a design or development problem. 
This record, when combined with interview data on information inputs 
to a work group, gives an indication of the nature and utility of informa- 
tion sources and of the effects of information on the progress of work. 

A recent trend with regard to interview and questionnaire studies 
of user behavior is to focus on a “critical incident," a particular piece 
of information received, and to ascertain the source or sources, content, 
nature of acquisition (directly sought for a specific purpose or acciden- 
tally acquired), application to a task, nature of the task, and further 
information activities that the information stimulated. This emphasis 
has helped to enhance the meaning and usefulness of the resulting data. 

Another technique receiving increasing attention, typically in combina- 
tion with other methods, consists In the use of sociometric analysis to 
demonstrate the influence of personal characteristics, attitudes, and inter- 
personal relationships on the flow of information. Typical phenomena 
that this technique serves to explore are: the existence and functions of 
the “information man” or “gatekeeper,” who acts as a kind of informa- 
tion source and communication channel for his colleagues; the factors 
determining the scope of the so-called invisible colleges and the kind 
and amount of information that circulates within them; and the correla- 
tion of information needs and of behavior patterns in the exchange of 
information with particular user characteristics and relationships in the 
work environment. 

Finally, the methodological developments of recent years are showing 
more concentrated effort in the direction of the “controlled experiment.” 
One example is the comparison of the age of work reported, types and 
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impact of information received, and informal interaction stimulated at 
a number of “experimental” meeting sessions for which papers were 
distributed six weeks prior to the the meeting and at “control” sessions 
which took place at the same or previous meetings and for which such 
a practice was not followed.’* Another type of experiment compared 
the utilization of information by several research-and-development groups 
engaged in the solution of the same problem and competing against one 
another for government contracts. 4 Experiments, such as those of Kessler 
Mir, 100 in which computer techniques could be employed to monitor 
and modify the flow of information among users, offer an approach of 
great potential value, the possibilities of which are as yet largely 
untapped. 

Though the various methodologies employed are few in number and 
not without serious defects, their modification, use in combination, and 
more careful application have advanced substantially the art of designing 
and conducting studies of user behavior in recent years. In the past, 
such studies frequently focused on highly subjective "opinion poll" types 
of data dealing with preferences and evaluations, on simple use-nonuse 
data unrelated to context or consequences, or on the determination of 
user skills and practices, such as foreign-language facility or the number 
of hours spent reading in a library, which are chiefly of value in guiding 
the management of local information services. Current emphases in 
data collection pertain to: 

1. Functions — the relationship of (a) the media from which infor- 
mation is r ~'?ived, (b) the nature of the information, and (c) its in- 
tended purpose to the specific uses made of it 

2. Performance — the effect of information received or of patterns 
of information exchange behavior on the accomplishment of a specific 
task 

3. Dissemination patterns — the media utilized and audiences reached 
from the time work is first reported through the lime of its publication 
and eventual secondary coverage, and the time intervals associated with 
the process 

Consequently, certain major themes and perspectives are emerging now 
that invite further study or follow-through. The first of these b the 
] increasing adoption of a systems approach in the study of a given 

j community’s scientific and technical communication — the recognition 

that all information exchange arrangements, information functions, and 
interconnections among receivers need to be examined in order to ap- 
praise the flow of information. Corollary is a growing awareness of the 
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